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(54) CYANOPHENYL DERIVATIVES 

(57) This application relates to a piperazino-substi- tuted novel cyanophenyl derivative in which a substitute 
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ed carbamoyl or substituted sulfamoyl group having an 
aryl, heterocyclic or the like group that may have a sub- 
stituent group is bonded to one nitrogen atom on the 
piperazine ring. The compound of this application has 



an anti-androgen action and is useful in preventing or 
treating prostatic cancer, benign prostatic hyperplasia 
and the like diseases. 
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Description 



Technical Field 



5 [0001] This invention relates to novel cyanophenyl derivatives useful as medicaments, particularly as an anti-andro- 
gen, and salts and pharmaceutical compositions thereof. 

Background Art 

10 [0002] Androgen as a steroid hormone is secreted from testis and adrenal cortex and induces male sex hormone 
actions. Androgen, when incorporated into target cells, acts upon an androgen receptor and the receptor to which 
androgen binds forms a dimer. Subsequently, this dimer binds to an androgen-response-element on DNA to accelerate 
synthesis of mRNA and to thereby induce proteins which control the androgen actions, thus expressing various actions 
within living organism (Prostate Suppl., 6, 1996, 45-51, Trends in Endocrinology and Metabolism, 1998, 9 (8), 317- 



[0003] Prostatic cancer, benign prostatic hyperplasia, virilism, hirsutism, baldness, acne, seborrhea and the like can 
be exemplified as diseases which are progressed by androgen. Accordingly, anti-androgens are used for the treatment 
of these diseases in which androgen is concerned. 

[0004] Anti-androgens, which have substrate resembling steroidal structure or nono-steroidal structure are currently 
20 used in the clinical field. Though chlormadinone acetate and the like are known as the steroidal anti-androgen, it is 
known that, since separation of actions of these compounds from other steroids having similar structures is not suffi- 
cient, they cause changes in the blood hormone level and induces serious side effects such as reduction of libido and 
the like (Jpn. J. Clin. Oncol., 1993, 23 (3), 178 - 185). 

[0005] On the other hand, flutamide (JP-A-49-81332; the term M JP-A" as used herein means an "unexamined pub- 
25 lished Japanese patent application"), bicalutamide (GB 8221421 , WO 95/19770) and the like acylanilide derivatives 
are known as non-steroidal anti-androgens, but their anti-androgenic actions are not sufficient. Thus, combined therapy 
with an LH-RH agonist is usual for the treatment of prostatic cancer (Nipponrinsho, 1 998, 56 (8), 2124-2128). 
[0006] Regarding the compounds having piperazinocyanophenyl skeletons, substances having oxitocin and vaso- 
pressin receptor antagonism are disclosed in WO 95/25443, and substances having 5HT receptor antagonism in WO 
30 96/02525, substances as intercellular mutual action inhibitors in DE 4234295, substances as production intermediates 
of cell adhesion inhibitors in WO 97/2245 and substances having antitumor actions in WO 98/00402 and WO 98/21 648, 
but they do not disclose or suggest on anti-androgen actions. 

Disclosure of the Invention 



[0007] The object of the invention is to provide a novel cyanophenyl derivative and salts thereof having strong anti- 
androgen actions and to further provide medicaments containing the same. 

[0008] With the aim of solving the aforementioned problems incidental to the existing anti-androgens, the inventors 
of the invention have conducted intensive studies and found unexpectedly that a novel cyanophenyl derivative to which 
40 a substituted carbamoyl or substituted sulfamoyl group is bound has strong anti-androgen actions and good oral ac- 
tivities, thus resulting in the accomplishment of the invention. 

[0009] Accordingly, the invention relates to a cyanophenyl derivative represented by the following general formula 
(I) or a salt thereof 



15 324). 



35 



45 



[0010] 



55 



50 




(wherein each symbol has the following meaning, 
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R: cyano or nitro group, 

R 1 : a hydrogen atom, a halogen atom or a cyano, halogeno-lower alkyl, nitro, carboxyl, lower alkyl, R 6 -A-, R 7 -S 
(0) p -, lower alkyl-C(=0) - or lower alkyl-O-C(-O)- group, 

R 2 , R 3 and R 4 : these may be the same or different from one another and each means a hydrogen atom, a lower 
5 alkyl group, a carbamoyl group which may be substituted by 1 or 2 lower alkyl groups or a lower alkyl-C(=0)- or 

lower alkyl-0-C(=0)- group, wherein R 2 and R 3 bind to optional carbon atoms on the ring, 
R 5 : a lower alkyl; aryl-lower alkyl-O-; carboxyl; lower alkyl-0-C(=0)-; amido which may be substituted by 1 or 2 
lower alkyl groups; or aryl, heterocyclic or cycloalkyl group which may have a substituent group;N(R 13 )R 14 -lower 
alkyl-O-; with the proviso that when m = 1 , R 4 and R 5 may together form a five- or six-membered heterocycle which 
10 may have other hetero atom, 

R 6 : a halogeno-lower alkyl; aryl; or lower alkyl which may be substituted by N(R 9 )R 10 , OH or lower alkyl-O-, 
R 7 : a lower alkyl, aryl or N(R 11 )R 12 -, 

R 8 , R 9 , R 10 , R 11 , R 12 , R 13 and R 14 : hydrogen, lower alkyl or aryl, 

with the proviso that R 6 and R 8 , R 9 and R 10 or R 13 and R 14 may together form a nitrogen-containing cycloalkyl 
15 which may have other hetero atom and may have a substituent group, 

k or n: 1, 2 or 3, 
m; 0 or 1, 
p: 0, 1 or 2, 

A: an oxygen atom or NR 8 , 
20 X = -C(=0)-, -C(=S)- or -S(0) 2 - group, 

Y: a bond, lower alkylene, -C(=0)- or -S(0) 2 - group, 

with the proviso that, when R 5 is a lower alkyl group, Y is a group other than lower alkylene, and 
Z 1 or Z 2 : these may be the same or different from each other and each means CH or nitrogen atom, 
with the proviso that, when R 1 is hydrogen atom, at least one of R 2 and R 3 is a lower alkyl). 

25 

[001 1] Preferred is a cyanophenyl derivative or a salt thereof according to the first aspect of the invention, wherein 
R is a cyano group; 

also preferred is a cyanophenyl derivative or a salt thereof according to the first aspect of the invention, wherein 

30 R1 is a halogen atom, cyano, halogeno-lower alkyl, nitro or lower alkyl-O-; R 2 and R 3 : at least one of them is a 

lower alkyl group; R 4 : a hydrogen atom or a lower alkyl group; R 5 : an aryl, heterocyclic or cycloalkyl group which 
may have substituent(s) group; k is 2, n is 1 ; m is 1 , X is -C(=0)- group; Y is a bond; and Z 1 or Z 2 both means CH; 
more preferred is a cyanophenyl derivative according to the first or second aspect of the invention, wherein the 
substituent group of the aryl, heterocyclic or cycloalkyl group of R 5 which may have substituent(s) is a radical 

35 selected from the group consisting of a halogen atom, halogeno-lower alkyl, lower alkyl, lower alkyl-O-, lower alkyl- 

S-, lower alky I -S(O)-, lower alkyl-S(0) 2 -, sulfamoyl which may be substituted by 1 or 2 lower alkyl groups, halogeno- 
lower alkyl-O-, cyano, nitro, oxo(=0), lower aIkyl-C(=0)- t aryl-C(=0)-, amino which may be substituted by 1 or 2 
of lower alkyl or lower alkyl-C(=0)-or lower alkyl-0-C(=0)-, aryl-O-, amino-O-, carbamoyl which may be substituted 
by a lower alkyl, carboxyl, lower alkyl-0-C(=0)-, heterocyclic and OH group; and 

40 most preferred is a compound, or a salt thereof, selected from (2R,5S)-4-(4-cyano-3-trifluoromethylphenyl)-N- 

(6-methoxy-3-pyridyl)-2,5-dimethylpiperazine-1-carboxamide; (2R,5S)-N-(2-amino-4-pyrimldyl)-4-(4-cyano-3-trif- 
luoromethylphenyl)-2,5-dimethytpiperazine-1-carboxamide; (2R,5S)-4-(4-cyano-3-trifluoromethylphenyl)-2,5-di- 
methyl-N-(6-trifluoromethyl-3-pyridyl)piperazine-1-carboxamide; (2R,5S)-4-(4-cyano-3-trifluoromethylphenyl)-N- 
(2-fluoro-4-pyridyl)-2,5-dimethylpiperazine-1-carboxamide; and (2R,5S)-N-(2-bromo-4-pyridyl)-4-(4-cyano-3-trif- 

^5 luoromethylphenyl)-2,5-dimethylpiperazine-1 -carboxamide. 

[001 2] Another object of the invention is a pharmaceutical composition which comprises the cyanophenyl derivative 
of general formula (I) or a salt thereof as the active ingredient; 

so preferably an anti-androgen agent which comprises the cyanophenyl derivative of general formula (I) or a salt 

thereof as the active ingredient; and 

more preferably a therapeutic agent for diseases which are progressed by androgen, which comprises the cyan- 
ophenyl derivative of general formula (I) or a pharmaceutical ly acceptable salt thereof as the active ingredient, 
wherein the diseases which are progressed by androgen include prostatic cancer, benign prostatic hyperplasia, 
55 virilism, hirsutism, baldness, acne and seborrhea. 

[0013] Most preferred is a pharmaceutical composition for the treatment of prostatic cancer and benign prostatic 
hyperplasia, which comprises the cyanophenyl derivative of general formula (I) or a pharmaceutically acceptable salt 
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thereof as the active ingredient. 

[001 4] The following further describes the compound represented by general formula (I). 
[0015] In the definition of general formula of the invention, the term "lower" means a straight or branched carbon 
chain having from 1 to 6 carbon atoms unless otherwise noted. 
5 [0016] The group R 2 or R 3 binds to the same or different optional carbon atom on the saturated ring containing two 
nitrogen atoms. 

[0017] The aryl, heterocyclic or cycloalkyl group which may have a substituent group may have from 1 to 3 substituent 
groups on the ring, preferably a halogen atom, halogeno-lower alkyl, lower alkyl, lower alkyl-O-, lower alkyl-S-, lower 
aIkyl-S(=0)-, lower alkyl-S(0) 2 - ( sulfamoyl which may be substituted by 1 or 2 lower alkyl groups, halogeno-lower alkyl- 

10 0-, cyano, nitro, oxo(=0), lower alkyl-C(=0)-, aryl-C(=0)-, amino which may be substituted by 1 or 2 of lower alkyl or 
lower alkyl-C(=0)- or lower alkyl-0-C(=0)-, aryl-O-, amino-O-, carbamoyl which may be substituted by 1 or 2 lower 
alkyl or carboxyl or lower alkyl-0-C(=0)-, heterocycle which may have a substituent group or OH group. 
[001 8] The "lower alkyl" is desirably a straight or branched-chain lower alkyl group having from 1 to 6 carbon atoms, 
and its examples include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, n-hexyl and 

is the like. 

[001 9] As substituent group of the lower alkyl-O- which may have a substituent group, aryl group or the like substituent 
group can be exemplified. 

[0020] The "lower alkylene" is desirably a straight or branched-chain lower alkylene group having from 1 to 6 carbon 
atoms, and its examples include methylene, ethylene, propylene, isopropylene, butylene, pentamethylene, hexame- 
20 thylene and the like, of which an alkylene having from 1 to 3 carbon atoms is preferred. 

[0021] The "aryl" is desirably an aromatic hydrocarbon radical having from 6 to 12 carbon atoms, and its examples 
include phenyl, a-naphthyl, p-naphthyl, biphenylyi and the like. More preferred are those which have from 6 to 10 
carbon atoms. 

[0022] As the "halogen atom", fluorine, chlorine, bromine or iodine atom can be defined. 

25 [0023] The aforementioned C 1-6 alkyl group is desirable as the lower alkyl group of the "halogeno-lower alkyl", and 
examples of the halogeno-C^ alkyl group include fluoromethyl, difluoromethyl, trifluoromethyl, chloromethyl, dichlo- 
romethyl, trichloromethyl, 2-fluoroethyl, 2,2-difluoroethyl, 2,2,2-trifluoroethyl, 2-chloroethyl, 2,2-dichloroethyI, 
2,2,2-trichloroethyl, 2-bromoethyl, 2-iodoethyl and the like, of which trifluoromethyl is preferred. 
[0024] The "cycloalkyl group" is desirably a three- to eight-membered alicyclic hydrocarbon radical having from 3 to 

30 1 o carbon atoms, and its examples include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl and 
the like. 

[0025] The "heterocycle" means a five- or six-membered heteroaryl group or saturated heterocycle containing from 
1 to 4 hetero atoms selected from nitrogen atom, oxygen atom and sulfur atom, or a bicyclic heteroaryl group condensed 
with benzene ring or other heterocycle, and examples of the heteroaryl group include pyrrole, imidazole, pyrazole, 

35 pyridine, pyrazine, pyrimidine, pyridazine, triazole, thiophene, thiopyran, furan, pyran, dioxolane, thiazole, isothiazole, 
thiadiazole, thiazine, oxazole, isoxazole, oxadiazole, furazane, dioxazole, oxazine, oxadiazine, dioxazine and the like, 
examples of the saturated heterocycle include pyrrolidinyl group, piperidinyl group, piperazinyl group, morpholyl group, 
thiomorpholyl group and the like, and examples of the condensed heteroaryl include indole, isoindole, indazole, quin- 
oline, quinazoline, quinoxaline, isoquinoline, benzimidazole, benzothiophene, benzothiazole, benzofuran, benzofura- 

40 zane, imidazopyridine, imidazopyrazine, pyridopyridine, phthalazine, naphthyridine, indolizine, purine, quinolizine, cin- 
noline, isocoumarin, chroman and the like. Preferred is pyridine, pyrimidine, thiophene, furan or the like five- or six- 
membered heteroaryl group having 1 or 2 hetero atoms selected from nitrogen atom, oxygen atom and sulfur atom. 
[0026] The term "when m = 1 , R 4 and R 5 may together form a five- or six-membered heterocycle which may have 
other hetero atom" means a five- or six-membered heteroaryl group or saturated heterocycle having from 1 to 3 hetero 

45 atoms selected from nitrogen atom, oxygen atom and sulfur atom, and it may have oxo group or the like substituent 
group. Illustratively, examples of the heteroaryl include pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrimidine, 
pyridazine, triazole and the like, and examples of the saturated heterocycle include pyrrolidinyl group, piperidinyl group, 
piperazinyl group, morpholyl group, thiomorpholyl, 1 ,4-diazepan, thiomorpholine-1 -oxido, thiomorpholine-1 ,1-dioxido, 
1 ,4-oxazepan group and the like. Preferred is a five- or six-membered saturated heterocycle having 1 hetero atom 

so selected from nitrogen atom, oxygen atom and sulfur atom, in addition to the nitrogen atom to which R 4 is bonded, and 
more preferred in thiomorpholino group. 

[0027] The term "R 6 and R 8 , R 9 and R 10 or R 13 and R 14 can together form a nitrogen-containing cycloalkyl which 
may have other hetero atom and may have substituent group(s)" means a five- or six-membered saturated heterocycle 
having 1 hetero atom selected from nitrogen atom, oxygen atom and sulfur atom, in addition to the nitrogen atoms to 
55 which R 6 and R 8 , R 9 and R 10 or R 13 and R 14 are bonded, and it may also have 1 or 2 substituent groups such as oxo 
group, lower alkyl, aryl and the like. Preferred is pyrrolidino, piperidino, morpholino, piperazine or thiomorpholino group. 
[0028] Among the compounds of the invention, in the case of a compound which has a tertiary amine or sulfide, the 
nitrogen atom or sulfur atom may be converted into oxido at an appropriate oxidation state, and all of these oxido 
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derivatives are included herein. 

[0029] Geometrical isomers based on the amido bond exist in the compound (I) of the invention. Depending on the 
kind of substituent group, it may have an asymmetric center or axial asymmetry of one or more carbon, nitrogen, sulfur 
and the like in some cases, and (R) isomer, (S) isomer and the like optical isomers, racemic modification, diastereomers 
and the like exist based thereon. Also, depending on the kind of substituent group, it may have double bond, so that 
geometrical isomers such as (Z) isomer, (E) isomer and the like, as well as cis-form and trans-form based on cyciohex- 
ane and the like, are present. All of the separated or mixed form of these isomers are included in the invention. 
[0030] The compound of the invention forms a salt. Illustratively, it is an acid addition salt with an inorganic acid or 
an organic acid or a salt with an inorganic or organic base, and a pharmaceutical^ acceptable salt is desirable. Illus- 
trative examples of the salt include addition salts with hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric 
acid, nitric acid, phosphoric acid and the like mineral acids, formic acid, acetic acid, propionic acid, oxalic acid, malonic 
acid, succinic acid, fumaric acid, maleic acid, lactic acid, malic acid, tartaric acid, citric acid, methanesulfonic acid, 
ethanesulfonic acid, benzenesulfonic acid, toluenesulfonic acid and the like organic acids or aspartic acid, glutamic 
acid and the like acidic amino acids, and salts with sodium, potassium, magnesium, calcium, aluminum, lithium and 
the like inorganic bases, methylamine, ethylamine, ethanolamine and the like organic bases or lysine, ornithine and 
the like basic amino acids. It may also be in the form of a quaternary ammonium salt. Illustrative examples of the 
quaternary ammonium salt include a lower alky! halide, a lower alkyl triflate, a lower alkyl tosylate, a benzyl halide and 
the like, of which methyl iodide, benzyl chloride or the like is preferred. 

[0031] In addition, the compound of the invention can form a hydrate, a solvate with ethanol or the like and polymor- 
phism. 

(Production Methods) 
First production method 
[0032] 




or a reactive 
derivative thereof 



(Symbols in the formula are as defined in the foregoing.) 

[0033] This production method is a method in which the compound (I) of the invention is produced by allowing a 
substituted amine represented by the general formula (II) or a salt thereof to react with a compound represented by 
the general formula (III) or a reactive derivative thereof and then, if there is a protecting group, removing the protecting 
group. 

[0034] Examples of the reactive derivative of the compound (III) include usual carboxylic acid esters such as methyl 
ester, ethyl ester, isobutyl ester, tert-butyl ester and the like; its phenylesters such as p-nitrophenyl ester and the like; 
its acid halides such as chloride, acid bromide and the like, acid azide, its active esters obtained by allowing it to react 
with a phenolic compound such as 2,4-dinitrophenol and the like phenol compounds or 1 -hydroxysuccinimide, 1-hy- 
droxybenzotriazole (HOBt) and the like N-hydroxy amine compounds; its symmetric anhydrides; its mixed acid anhy- 
drides including organic acid based mixed acid anhydrides obtained by reacting with acid anhydrides, alkyl carboxylate 
halide and the like halocarboxylic acid alkyl esters or pivaloyl halides, and phosphoric acid based mixed acid anhydrides 
obtained by the combination of triphenylphosphine and the like organic phosphorus compounds with N-bromosuccin- 
imide and the like activating agents, as well as sulfonyl chloride and isocyanate. 

[0035] In addition, when a carboxylic acid is allowed to react as free acid or an active ester is allowed to react without 
isolation, it is desirable to use dicyclohexylcarbodiimide (DCC), carbonyldiimidazole, diphenylphosphoryl azide, di- 
ethylphosphoryl cyanide, 1-ethyl-3(3-dimethylaminopropyl)carbodiimide hydrochloride (WSC) or the like condensing 
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agent. 

[0036] According to the invention, an acid chloride method, a method in which the reaction is carried out in the 
coexistence of an active esterification agent and a condensation reaction with an isocyanate or a thioisocyanate are 
particularly advantageous. 

5 [0037] In this connection, the isocyanate can be synthesized from a carboxylic acid, an amide, an acid hydrazide or 
the like carboxylic acid derivative making use of a known rearrangement reaction. When converted into isocyanate 
from a carboxylic acid, it is advantageous to use a method in which the carboxylic acid is once converted into an acid 
chloride, a mixed acid anhydride or the like and then allowed to react with sodium azide or the like to obtain an acid 
azide which is subsequently converted into an isocyanate by heating or the like means. Also, when diphenylphosphoryl 

10 azide (DPPA) is used in this method, it is possible to convert the carboxylic acid into an isocyanate by one reaction. It 
is also possible to obtain the compound (I) by allowing DPPA to undergo the reaction in the coexistence of the carboxylic 
acid and compound (II). On the other hand, it is possible to obtain isocyanate by allowing a corresponding amine 
derivative to react with phosgene or a phosgene-equivalent compound. Examples of the phosgene-equivalent com- 
pound include phosgene dimer, triphosgene, carbonyldiimidazole and a combination of di-tert-butyl carbonate (DIBOC) 

15 with 4-(N,N-dimethylamino)pyridine (DMAP). Also, the thioisocyanate can be synthesized making use of a known re- 
action using thiophosgene, thiocarbonyldiimidazole or the like. 

[0038] In addition, it is possible to obtain the compound (I) by once converting a corresponding amine derivative into 
an active intermediate having a leaving group typified by phenyl carbonate and then allowing it to react with the com- 
pound (II). 

20 [0039] Though it varies depending on the used reactive derivative, condensing agent and the like, the reaction is 
generally carried out in an inert organic solvent including dichloromethane, dichioroethane, chloroform and the like 
halogenated hydrocarbons, benzene, toluene, xylene and the like aromatic hydrocarbons, ether, tetrahydrofuran and 
the like ethers, ethyl acetate and the like esters, acetonitrile, N.N-dimethylformamide (DMF), N,N-dimethylacetamide, 
N-methylpyrrolidone, dimethylimidazolidinone and the like, under cooling, under cooling to room temperature or under 

25 room temperature to heating, depending on the reactive derivative. 

[0040] In carrying out the reaction, in order to progress the reaction smoothly, it is advantageous in some cases to 
use the substituted amine (II) in excess amount or to carry out the reaction in the presence of N-methylmorpholine, 
trimethylamine, triethylamine, N,N-dimethylaniline, pyridine, DMAP, picoline, lutidine, collidine, 1 ,8-diazabicyclo[5.4.0] 
undec-7-ene (DBU) or the like base. Pyridine or the like can also be used as the solvent. 

30 [0041] In this case, it is desirable in some cases that the oxygen, sulfur, nitrogen or the like atom existing in the 
molecule is bonded with a protecting group, and the protecting groups described in "Protective Groups in Organic 
Synthesis", second edition, edited by Greene and Wuts, can be exemplified as the protecting group and used by 
optionally selecting them depending on the reaction conditions. 

35 Second production method 

[0042] 



40 



45 




or a reactive 
derivative thereof 



(Symbols in the formula are as defined in the foregoing.) 

[0043] This production method is a method in which the compound (I) of the invention is produced by allowing a 
55 substituted amine represented by the general formula (II) or a salt thereof to react with an X-containing or equivalent 
reactive compound and then to react with a compound represented by the general formula (IV), subsequently removing 
a protecting group if there is a protecting group. 

[0044] When the product is a urea derivative, phosgene, phosgene dimer, triphosgene, carbonyldiimidazole or a 
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known equivalent compound can be used as the X-containing or equivalent reactive compound. When the product is 

a sulfamide derivative, sulfamide, sulfuryl chloride or the like known reagent can be used. 

[0045] In carrying out the reaction, the conditions shown in the first production method can be employed. 

5 Third production method 

[0046] 



10 



15 




20 

{In the formula, Q means fluorine, chlorine, bromine, iodine or the like halogen or trifluoromethane sulfonate, benzene 
sulfonate or the like leaving group.) 

[0047] This production method is a method in which the compound (I) of the invention is produced by allowing a 
25 substituted amine represented by the general formula (VI) or a salt thereof to react with a compound represented by 
the general formula (V). 

[0048] In carrying out the reaction, in order to progress the reaction smoothly, it is advantageous in some cases to 
use the substituted amine (VI) in excess amount or to carry out the reaction in the presence of N-methylmorpholine, 
trimethylamine, triethylamine, diisopropylethylamine, N,N-dimethylaniiine, pyridine, DMAP, picoline, lutidine, collidine, 

30 1 ,8-bistrimethylaminonaphthalene, DBU or the like organic base or potassium carbonate, sodium carbonate, calcium 
carbonate, sodium bicarbonate, sodium hydroxide, cesium carbonate or the like inorganic base. Pyridine or the like 
can also be used as the solvent. In some cases, it may be effective to use some organometallic catalysts to accelerate 
a reaction. Though it varies depending on the used substrate and conditions, the reaction is generally carried out in 
an inert organic solvent including dichloromethane, dichloroethane, chloroform and the like halogenated hydrocarbons, 

35 benzene, toluene, xylene and the like aromatic hydrocarbons, ether, tetrahydrofuran and the like ethers, ethyl acetate 
and the like esters, ethanol, methanol and the like alcohol solvents, acetonrtrile, DMF, N,N-dimethylacetamide, N- 
methylpyrrolidone, N,N-dimethylimidazolidinone, dimethyl sulfoxide and the like, undercooling, under cooling to room 
temperature or under room temperature to heating, depending on the reactive derivative. 

40 Fourth production method 

[0049] 



45 



50 





U') 



55 (Symbols in the formula are as defined in the foregoing.) 



R 

(I) 



[0050] This production method is a method in which the compound (I) of the invention is produced by the alkylation 
or acylation of a compound of the invention represented by the general formula (I* : R 4 = H) . 
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[0051] In this reaction, it is possible to use an alkylation agent such as methyl iodide, ethyl iodide, benzyl bromide 
or the like alkyl halide, dimethyl sulfate orthe like sulfuric ester and methane sulfonate, methyl trifluoromethanesulfonate 
or the like sulfonate. Alternatively, an acylation agent such as acetyl chloride orthe like acid chloride or acetic anhydride 
orthe like acid anhydride is used. In this case, triethylamine, diisopropylethylamine, pyridine, lithium diisopropylamine, 

5 sodium hexamethyldisilazide orthe like organic base or sodium carbonate, potassium carbonate, calcium carbonate, 
sodium bicarbonate, sodium hydroxide, sodium hydride orthe like inorganic base may be used. 
[0052] The reaction is generally carried out in an inert organic solvent including dichloromethane, dichloroethane, 
chloroform and the like halogenated hydrocarbons, benzene, toluene, xylene and the like aromatic hydrocarbons, 
ether, tetrahydrofuran and the like ethers, ethyl acetate and the like esters, DMF, N.N-dimethylacetamide, dimethyl 

10 sulfoxide and the like, under cooling, under cooling to room temperature or under room temperature to heating, de- 
pending on the reactive derivative. 

Fifth production method 

15 [0053] 



20 



25 




(Symbols in the formula are as defined in the foregoing.) 

30 

[0054] This production method is a method in which the compound (I) of the invention is produced by cyclization of 
a compound represented by the general formula (VII). 

[0055] In this reaction, aldehyde or ketone and acetal, ketal, thioketal or the like carbonyl equivalent compound are 
used in the cyclization. In general, an acidic condition or a basic condition can be used in the reaction which is generally 

35 carried out in an inert organic solvent including dichloromethane, dichloroethane, chloroform and the like halogenated 
hydrocarbons, benzene, toluene, xylene and the like aromatic hydrocarbons, ether, tetrahydrofuran and the like ethers, 
ethyl acetate and the like esters, DMF, N.N-dimethylacetamide, dimethyl sulfoxide and the like, undercooling, under 
cooling to room temperature or under room temperature to heating, depending on the reactive derivative. Acetic acid, 
trifluoroacetic acid or the iike organic acid is particularly suitable. 

40 [0056] The compound of the invention synthesized in accordance with the above methods can be converted into 
other compounds of the invention by the conversion of functional groups and the like by using known reactions, and 
some of them were described in Examples. 

[0057] The thus produced compound of the invention is isolated and purified as its free form, a salt thereof, a hydrate 
thereof, a solvate thereof or as a polymorphic substance. A salt of the compound (I) of the invention can also be 

45 produced by subjecting it to a usual salt formation reaction. 

[0058] The isolation and purification are carried out by employing extraction, concentration, evaporation, crystalliza- 
tion, filtration, recrystallization, various types of chromatography and the like usual chemical operations. 
[0059] Various types of isomers can be selectively synthesized by using appropriate starting materials, reagents or 
reaction conditions, or separated by making use of the difference in physical properties among isomers. For example, 

so each optical isomer can be prepared as a stereochemical ly pure isomer by selecting appropriate materials or separated 
by a racemic resolution of racemic compounds (e.g., a general method in which they are converted into diastereomer 
salts with an optically active base and then subjected to optical resolution). 

[0060] A pharmaceutical preparation which contains one or more of the compounds of the invention or salts thereof 
as the active ingredient is prepared using carriers, fillers and other additives generally used in the preparation of med- 
55 icaments. 

[0061] It may be administered either by oral administration through tablets, pills, capsules, granules, powders, so- 
lutions or the like, or by parenteral administration through intravenous injection, intramuscular injection and the like 
injections, suppositories, percutaneous preparations and the like. Its dose is optionally decided by taking symptoms, 
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age and sex of the patient to be treated and the like into consideration, but generally, it is approximately from 0.01 to 
50 mg per day per adult in the case of oral administration or approximately from 0.001 to 5 mg per day per adult in the 
case of parenteral administration, and the daily dose is administered once a day or by dividing it into 2 to 4 doses per day. 
[0062] The solid composition for use in the oral administration according to the invention is used in the tablets, 

5 powders, granules and the like forms. In such a solid composition, one or more active substances are mixed with at 
least one inert diluent such as lactose, mannitol, glucose, hydroxypropylcellulose, microcrystalline cellulose, starch, 
polyvinyl pyrroiidone, metasilicate or magnesium aluminate. In the usual way, the composition may contain additives 
other than the inert diluent, which include a lubricant such as magnesium stearate, a disintegrating agent such as 
calcium cellulose glycolate, a stabilizing agent such as lactose and a solubilization assisting agent such as glutamic 

10 acid or aspartic acid. As occasion demands, tablets or pills may be coated with a film of a gastric or enteric substance 
such as sucrose, gelatin, hydroxypropylcellulose, hydroxypropytmethylcellulose phthaiate or the like. 
[0063] The liquid composition for oral administration includes pharmaceutically acceptable emulsions, solutions, sus- 
pensions, syrups, elixirs and the like and contains a generally used inert diluent such as purified water or ethanol. In 
addition to the inert diluent, this composition may also contain auxiliary agents such as a moistening agent and a 

15 suspending agent, as well as a sweetener, a flavor, an aromatic and an antiseptic. 

[0064] The injections for parenteral administration includes aseptic aqueous or non-aqueous solutions, suspensions 
and emulsions. Examples of the diluent for use in the aqueous solutions and suspensions include distilled water for 
injection use and physiological saline. Examples of the diluent for use in the non-aqueous solutions and suspensions 
include propylene glycol, polyethylene glycol, olive oil or the like plant oil, ethanol or the like alcohol, polysorbate 80 

20 (trade name) and the like. Such a composition may further contain auxiliary agents such as an antiseptic, a moistening 
agent, an emulsifying agent, a dispersing agent, a stabilizing agent (e.g., lactose) and a solubilization assisting agent 
(e.g., glutamic acid or aspartic acid). These compositions are sterilized for example by filtration through a bacteria 
retaining filter, blending of a germicide or irradiation. Alternatively, they may be used by firstly making into sterile solid 
compositions and dissolving them in sterile water or a sterile solvent for injection use prior to their use. 

25 

[Examples] 

[0065] The following describes the invention more illustratively with reference to examples. The invention is not 
limited to these examples. In this connection, production methods of the starting materials compounds to be used in 
30 the examples are described as reference examples. 

Reference Example 1-1 

trans-4- (2,5-Dimethylpiperazin-l-yl)-2-trifluoromethylbenzonitrile 

35 

[0066] A 1 g portion of 4-fluoro-2-trifluoromethylbenzonitrile and 2.4 g of frans-2,5-dimethylpiperazine were dissolved 
in 30 ml of DMF and heated at 80*C for a whole day and night. The reaction solution was mixed with water, extracted 
with ethyl acetate and dried over anhydrous sodium sulfate, and then the solvent was evaporated under reduced 
pressure. The residue was purified by a silica gel column chromatography, and 1 .3 g of the title compound was obtained 
40 from chloroform-methanol (10:1, v/v) eluate. 

[0067] Compounds of Reference Examples 1 -2 to 1 -1 7 were synthesized in the same manner as described in Ref- 
erence Example 1-1 . Their structures and physical data are shown in Tables 1 to 3. 

Reference Example 2 

45 

Synthesis of t-butyl 3-methylpiperazine-1-carboxylate 

[0068] Under ice-cooling, 1 5 ml of tetrahydrofuran (THF) solution containing 1 0.9 g of DIBOC was added to 1 50 ml 
of THF solution containing 10 g of 2-methylpiperazine. After stirring overnight, the solvent was evaporated under re- 
50 duced pressure. The residue was mixed with water and extracted with ethyl acetate, and then the organic layer was 
washed and dried and the solvent was evaporated under reduced pressure to obtain 8.94 g of the title compound as 
a yellow oily substance. 

Reference Example 3 

55 

t-Butyl 4-(4-cyano-3-trifiuoromethylphenyi)-3-methylpiperazine-1-carboxylate 

[0069] A 4.46 g portion of t-butyl 3-methylpiperazine-1-carboxylate synthesized in Reference Example 2, 6.74 g of 
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4-fluoro-2-trifluoromethylbenzonitrlle and 7.76 ml of diisopropylethylamine were stirred in 50 ml of DMF at 100°C for 
2 days. The reaction solution was diluted with water and extracted with ethyl acetate, the organic layer was washed 
and dried and then the solvent was evaporated under reduced pressure. The residue was subjected to a silica gel 
column chromatography and eluted with hexane-ethyl acetate (3:1 , v/v) to obtain 5.6 g of the title compound as white 
5 crystals. 

Reference Example 4 

4-(2-Methylpiperazin-l-yl)-2-trifluoromethylbenzonitrile 

10 

[0070] A 2.85 g portion of t-butyl 4-(4-cyano-3-trifluoromethylphenyl)-3-methylpiperazine-1 -carboxylate synthesized 
in Reference Example 3 was stirred in 50 ml of trifluoroacetic acid at 0°C to room temperature for 2 hours. The solvent 
was evaporated under reduced pressure, the resulting residue was neutralized with saturated aqueous sodium bicar- 
bonate and then extracted with ethyl acetate, the organic layer was washed and dried and then the solvent was evap- 
15 orated under reduced pressure. The residue was purified by a silica gel column chromatography, and 5.6 g of the title 
compound was obtained from chloroform-methanol-28% aqueous ammonia (10:1 :0.1 , v/v/v) eluate as light yellowish 
white crystals. 

[0071] Physical data of the compounds of Reference Examples 2 to 4 are shown in Table 4. 
20 Reference Example 5-1 

4-(4-Benzyl-2-ethyl-3-oxopiperazin-1-yl)-2-trifluoromethylbenzonitrile 

[0072] A 0.94 ml portion of diisopropylamine was dissolved in 1 0 ml of anhydrous THF, and the solution was mixed 
25 with 4.5 ml of 1 .47 M butyl lithium/hexane solution at -20°C, stirred for 10 minutes and then cooled to -78°C. A 20 ml 
portion of anhydrous THF solution containing 2 g of 4-(4-benzyl-3-oxopiperazin-1-yl)-2-trifluoromethylbenzonitrile syn- 
thesized in Reference Example 1 -1 5 was added dropwise thereto, and the mixture was stirred for 20 minutes and then 
mixed with 0.67 ml of ethyl iodide. After warming up to -10°C, the reaction solution was poured into saturated ammonium 
chloride aqueous solution and extracted with ethyl acetate, the organic layer was washed and dried, and then the 
30 solvent was evaporated under reduced pressure. The residue was purified by a silica gel column chromatography, and 
1 .5 g of the title compound was obtained from hexane-ethyl acetate (1 :1 , v/v) eluate as a white foamy substance. 
[0073] Compounds of Reference Examples 5-2 and 5-3 were synthesized in the same manner as described in Ref- 
erence Example 5-1. 

35 Reference Example 6-1 

4-(4-Benzyl-2-ethylpiperazin-1-yl)-2-trifluoromethylbenzonitrile 

[0074] At 0°C, 5 ml of 1 M borane-THF solution was added dropwise to 30 ml of anhydrous THF solution containing 
40 1 .47 g of 4-(4-benzyl-2-ethyl-3-oxopiperazin-1 -yl)-2-trifluoromethylbenzonitrile synthesized in Reference Example 5-1 , 
and the mixture was stirred for 4 hours. After addition of 10 ml of methanol and 38 ml of 1 N hydrochloric acid to the 
mixture with stirring, the reaction solution was evaporated under reduced pressure, the resulting residue was neutral- 
ized with saturated sodium bicarbonate aqueous solution and extracted with ethyl acetate, the organic layer was 
washed and dried, and then the solvent was evaporated under reduced pressure. The residue was purified by a silica 
45 gel column chromatography, and 0.67 g of the title compound was obtained from hexane-ethyl acetate (5:1 , v/v) eluate 
as yellow oily substance. 

[0075] Compounds of Reference Examples 6-2 and 6-3 were synthesized in the same manner as described in Ref- 
erence Example 6-1. 

so Reference Example 7-1 

4-(2-Ethylpiperazin-1-yl)-2-trifluoromethylbenzonitrile 

[0076] A 0.65 g portion of 4-(4-benzyl-2-ethylpiperazin-1-yl)-2-trifluoromethylbenzonitrile synthesized in Reference 
55 Example 6-1 and 65 mg of 1 0% palladium-carbon were stirred in methanol at room temperature for 6 hours at atmos- 
pheric pressure in an atmosphere of hydrogen. The insoluble matter was removed by filtration through celite, the filtrate 
was concentrated under reduced pressure, the resulting residue was purified by a silica gel column chromatography, 
and 0.46 g of the title compound was obtained from chloroform-methanol-29% aqueous ammonia (10:1:0.1, v/v/v) 
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eluate as a yellow oily substance. 

[0077] Compounds of Reference Examples 7-2 and 7-3 were synthesized in the same manner as described in Ref- 
erence Example 7-1 . 

[0078] Structures and physical data of the compounds of Reference Example 5-1 to Reference Example 7-3 are 
5 shown in Table 5. 

Reference Example 8 

fra/7s-4-(2,5-Dimethylpiperazin-1-yl)phthalonitrile 

10 

[0079] A 1 .52 g portion of 4-hydroxyphthalonitrile was dissolved in 30.0 ml of acetonitrile, mixed with 2.1 ml of tri- 
ethylamine and stirred at -10°C. The reaction solution was mixed with 1.8 ml of anhydrous trifluoromethanesulfonic 
acid, stirred at 0°C for 30 minutes and then warmed up to room temperature, mixed with 15 ml of DMF and stirred for 
2 hours. After evaporation of the solvent under reduced pressu re, the residue was mixed with ethyl acetate and washed 

15 with saturated aqueous sodium bicarbonate and then the organic layer was dried over sodium sulfate. After evaporation 
of the solvent under reduced pressure, the residue was dissolved in 20 ml of acetonitrile and mixed with 2.30 g of 
2,5-frans-methylpiperazine, and the mixture was heated under reflux for 2 hours and then stirred overnight at room 
temperature. After evaporation of the solvent under reduced pressure, the residue was mixed with 100 ml of ethyl 
acetate, washed with saturated aqueous sodium bicarbonate and saturated brine and then dried over sodium sulfate. 

20 The title compound was obtained by evaporating the solvent under reduced pressure. 

Reference Example 9-1 

1 -[2-(4-Cyano-3-trifluoromethylanilino)-1 ,1 -dimethylethyI]-3-(4-f luorophenyl)urea 

25 

[0080] 4-(2-Amino-2-methylpropylamino)-2-trifluoromethylbenzonitrile was dissolved in 60 ml of dichloromethane, 
0.49 ml of 4-fluorophenyl isocyanate was added dropwise to the solution and then the mixture was stirred at room 
temperature for 1 hour. The thus precipitated crystals were collected by filtration, washed with dichloromethane and 
then dried to obtain 1 .30 g of the title compound. 
30 [0081] The following compound of Reference Example 9-2 was synthesized in the same manner as described in 
Reference Example 9-1 . 

1-[4-(4-Cyano-3-trifluoromethylanilino)butyl]-3-(4-fluorophenyl)urea 
35 Reference Example 10 

Benzyl 3-methylpiperazine-1 -carboxylate 

[0082] A 4 g portion of 2-methylpiperazine was dissolved in 40 ml of dichloromethane, and 1 .71 g of benzyl chloro- 
40 formate was added dropwise thereto at -78 Q C. After 1 hour of stirring, the mixture was washed by adding water and 
dried and then the solvent was evaporated to obtain 2.0 g of the title compound. 

Reference Example 11-1 

45 (2S,5R)-4-(2,5-Dimethylpiperazin-1-yl)-2-trifluoromethylbenzonitrile 

[0083] A 10 g portion of (+/-)-frans-4-(2,5-dimethylpiperazin-1-yl)-2-trifluoromethylbenzonitrile was dissolved in 20 
ml of ethanol-water mixed solvent, and fractional recrystallization was repeated using 6.6 g of (-)-di benzoyl- L-tartaric 
acid [(-)-DIBETA], thereby obtaining a salt. This salt was added to 5 N aqueous sodium hydroxide, the thus separated 
50 oily substance was extracted with ethyl acetate and then the solvent was evaporated to obtain 2 g of the title compound. 

Reference Example 11-2 

[0084] Using (+)-dibenzoyl-D -tartaric acid, (2R,5S)-frans-4-(2 l 5-dimethylpiperazin-1-yl)-2-trifluoromethylbenzoni- 
55 trile was obtained by the same procedure of Reference Example 11 -1 . 
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Reference Example 12-1 

(3S,6R)-1-Benzyl-3,6-dimethylpiperazine-2,5-dione 

5 [0085] A 0.98 g portion of N-tert-butoxycarbony!-L-aianine was added to 50 ml of 0°C-cooled dlchloromethane so- 
lution containing 1.07 g of DCC, and the mixture was stirred for 5 minutes. This solution was mixed with 10 ml of 
dichloromethane solution containing 1 .0 g of N-benzyl-D-alanine methyl ester and stirred at room temperature for 2 
days. White precipitate was separated by filtration and washed with diethyl ether and then the filtrate was concentrated. 
The residue was dried under reduced pressure, dissolved with 30 ml of dichloromethane, cooled to 0°C. mixed with 5 

10 ml of trifluoroacetic acid and then stirred at room temperature for 3 hours. The reaction solution was neutralized with 
saturated aqueous sodium bicarbonate, extracted with chloroform, dried over anhydrous magnesium sulfate, filtered 
and then concentrated. The residue was subjected to a silica gel column chromatography and purified with n-hexane- 
ethyl acetate (1 :5, v/v) to obtain 1 0 g of the title compound as a colorless oily substance. 

15 Reference Example 12-2 

(2R, 5S)-1 -Benzyl-2,5-dimethylpiperazine 

[0086] In an atmosphere of argon, 0.57 g of lithium aluminum hydride was added at 0°C to 30 ml of THF solution 
20 containing 1 .0 g of (3S,6R)-1 -benzyl-3,6-dimethylpiperazine-2,5-dione, and the mixture was stirred overnight with heat- 
ing under reflux. The reaction mixture was cooled to 0°C, 1 .0 ml of water was added dropwise thereto and 1 .0 ml of 
10% aqueous sodium hydroxide was added dropwise thereto, and then the mixture was further mixed with 1 .0 ml of 
water and stirred for 30 minutes. The precipitate was separated by filtration and washed with ethyl acetate, and the 
filtrate was washed with 10% aqueous potassium carbonate and saturated brine, dried over anhydrous magnesium 
25 sulfate, filtered and then concentrated. The residue was subjected to a silica gel column chromatography and eluted 
with chloroform-methanol-28% aqueous ammonia (25:1 :0.1 , v/v/v) to obtain 0.75 g of the title compound as a yellow 
oily substance. 

Reference Example 12-3 

30 

(2S,5R)-4-(4-Benzyl-2 l 5-dimethylpiperazin-1-yl)-2-trifluoromethylbenzonitrile 

[0087] A 1 5 ml portion of pyridine solution containing 0.63 g of (2R,5S)-1 -benzyl-2,5-dimethylpiperazine was mixed 
with 0.7 g of 4-fluoro-2-trifluoromethylbenzonitrile and stirred at 90°C for 2 days. The reaction mixture was concentrated 
35 and the residue was purified by a silica gel column chromatography to obtain the title compound from n-hexane-ethyl 
acetate (9:2, v/v) as a white solid. Reference Example 12-4 

(2S,5R)-4-(2,5-Dimethylpiperazin-1-yl)-2-trifluoromethylbenzonitrile 

40 [0088] A 0.92 ml portion of 1 -chloroethyl chloroformate was added to 20 ml of dichloroethane solution containing 
0.31 g of (2S,5R)-4-(4-benzyl-2,5-dimethylpiperazin-1 -yl)-2-trifluoromethylbenzonitrile, and the mixture was stirred for 
2 days with heating under reflux. The reaction mixture was concentrated, mixed with 20 ml of methanol and then stirred 
for 1 day with heating under reflux. The reaction mixture was concentrated and the residue was subjected to a silica 
gel column chromatography and purified with chloroform-methanol (9:1 , v/v) to obtain 0.19 g of the title compound as 

45 a yellow oil, 

[0089] Specific rotation of this compound and its retention time in an optically active HPLC column (CHIRALCEL 
OD-H, Daicel Chemical Industries) coincided with those of the compound resolved using the (-)-DIBETA of Reference 
Example 11-1. 

so Reference Example 13 

6-Trifluoromethylnicotinic acid 

[0090] A 2.9 g portion of 5-cyano-2-trlfluoromethylpyridine and 30 ml of concentrated hydrochloric acid were stirred 
55 at 90°C for 1 3 hours. The reaction mixture was spontaneously cooled to room temperature, mixed with water and then 
adjusted to pH 2 to 3 with 28% aqueous ammonia. The thus precipitated crystals were collected by filtration and then 
washed with water to obtain 2.22 g of the title compound. 
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Reference Example 14 

2- Methoxycarbonylisonicotinic acid 

5 [0091] A 1 .7 ml portion of concentrated sulfuric acid was added to 50 ml of methanol solution containing 5.0 g of 
pyridine-2,4-dicarboxylic acid, and the mixture was heated under reflux for 1 hour and 10 minutes. After cooling, this 
was poured into ice water and stirred at 5°C for 3 hours, and the thus precipitated white solid was collected by filtration. 
A 5.7 g portion of this product was dissolved in 100 ml of methanol with heating, and the solution was cooled and then 
stirred at room temperature. By collecting the thus precipitated white solid by filtration, 2.5 g of the title compound was 

10 obtained. Reference Example 15 

3- Cyano-6-cyclopropyl -2-OXO-1 ,2-dihydropyridine-4-carboxylic acid ethyl ester 

[0092] While stirring at room temperature, 19.2 g of 2-cyanoacetamide was added to 300 ml of ethanol solution 
15 containing 41 .9 g of 2,4-dioxocyclopropanebutyric acid ethyl ester. After completely dissolving the reagent by warming 
up to 65°C, 7.4 ml of piperazine was added dropwise to the solution. One hour thereafter, this was cooled to room 
temperature and stirred for additional 1 5 hours and 30 minutes. The thus precipitated crystals were collected by filtration 
and then washed with diethyl ether to obtain 24.1 g of the title compound. This compound was used in the subsequent 
reaction without further purification. 

20 

Reference Example 16 

2-Cyclopropyl-6-methoxyisonicotinic acid methyl ester 

25 [0093] A 1 00 ml portion of concentrated hydrochloric acid containing 12.0 g of 3-cyano-6-cyclopropyl-2-oxo-1 ,2-di- 
hydropyridine-4-carboxylic acid ethyl ester was heated under reflux for 5 hours and 40 minutes. After cooling, the 
solvent was evaporated to obtain 15.0 g of crude carboxylic acid. A 13.9 g portion of this compound was suspended 
in 250 ml of benzene, 7.7 ml of methyl iodide and 1 9.9 g of silver carbonate were added in that order to the suspension 
with stirring at room temperature, and the mixture was heated to 50°C. After 74 hours, the reaction mixture was cooled 

30 to room temperature and filtered through celite and then the solvent was evaporated. The residue was purified by a 
silica gel column chromatography, and 957 mg of the title compound was obtained from ethyl acetate-hexane (1 :6, v/ 
v) eluate. 

Reference Example 17 

35 

4- Amino-2-bromopyridine 

[0094] To 450 ml of 67% ethanol aqueous solution were added 8.78 g of 2-bromo-4-nitropyridine N-oxide, 11 .2 g of 
iron powder and 1 .2 g of ammonium chloride in that order, and then the mixture was heated under reflux for about 30 

40 minutes. The insoluble matter was removed by filtration, the thus obtained filtrate was evaporated under reduced 
pressure, and then the thus formed residue was mixed with an appropriate amount of saturated aqueous sodium 
bicarbonate and extracted with ethyl acetate. The organic layer was washed with water, dried and evaporated under 
reduced pressure, and then the thus formed crude product was purified by a silica gel column chromatography to obtain 
4.4 g of the title compound from chloroform-methanol-28% aqueous ammonia (200:9:1 , v/v/v) eluate as light orange 

45 crystals. 

Reference Example 1 8 

4-Amino-2-(t-butoxycarbonylamino)pyrimidine 

50 

[0095] A 5.52 g portion of 2,4-diaminopyrimidine was added to 1 50 ml of t-butanol and dissolved by heating to about 
60°C, and the solution was cooled to room temperature, mixed with 12.38 g of DIBOC and then stirred at room tem- 
perature for about 3 days. The reaction mixture was evaporated under reduced pressure and the thus formed crude 
product was purified by a silica gel column chromatography to obtain 7.02 g of the title compound from chloroform- 
55 methanol-28% aqueous ammonia (200:9:1 , v/v/v) eluate as white crystals. 
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Reference Example 19 
2-Cyano-4-pyridylcarbamic acid t-butyl ester 

5 [0096] While stirring at room temperature, 1 .8 ml of triethylamine and 2.8 ml of DPPA were added in that order to 
100 ml of t-butanol solution containing 1 .5 g of 2-cyanoisonicotinic acid, and the mixture was heated under refulx for 
4 hours and 25 minutes. The reaction mixture was cooled to room temperature, mixed with water and extracted with 
ethyl acetate. The organic layer was washed with saturated aqueous sodium bicarbonate and dried over anhydrous 
sodium sulfate, and then the solvent was evaporated under reduced pressure. The residue was purified by a silica gel 

10 column chromatography, and 1 .34 g of the title compound was obtained from ethyl acetate-hexane (1 :2, v/v) eluate. 

Reference Example 20 
2-Acetyl-4-pyridylcarbamic acid t-butyl ester 

15 

[0097] While stirring under ice-cooling, 7.2 ml of methylmagnesium bromide-3 M diethyl ether solution was added 
to 30 ml of THF solution containing 1.58 g of 2-cyano-4-pyridylcarbamic acid t-butyl ester. This was cooled to room 
temperature and extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium bicarbo- 
nate and dried over anhydrous sodium sulfate, and then the solvent was evaporated under reduced pressure. The 
20 residue was purified by a silica gel column chromatography to obtain the title compound (1 .1 6 g) from ethyl acetate- 
hexane (1:2, v/v) eluate. 

Reference Example 21 

25 5-Aminomethyl-2-methoxypyridine 

[0098] A 1 .00 g portion of 5-cyano-2-methoxypyridine was dissolved in 30 ml of ethanol and 1 0 ml of 28% aqueous 
ammonia, mixed with 1 g of Raney nickel and then stirred at room temperature for 4 hours at atmospheric pressure in 
a stream of hydrogen. After filtration through celite, the solvent was evaporated to obtain 962 mg of the title compound. 

30 

Reference Example 22 

2- (l-lmidazoiyl)pyridine N-oxide 

35 [0099] A 0.76 g portion of imidazole was added to 7 mi of N.N-dimethylformamide and mixed with 0.2 g of 90% lithium 
hydride under ice-cooling and then the mixture was stirred for 40 minutes. Next, 2.17 g of 2-bromopyridine N-oxide 
hydrochloride was gradually added thereto, the mixture was stirred at room temperature for about 1 hour and further 
heated at 80°C for about 1 hour, and then the solvent was evaporated and the thus obtained mixture was subjected 
to a silica gel column chromatography and eluted with chloroform-methanol-28% aqueous ammonia (10:0.9:0.1 , v/v/ 

40 v) to obtain 1 .21 g of the title compound as light yellow crystals. 

Reference Example 23 

2-(1 -lmidazoly!)-4-nitropyridine N-oxide 

45 

[0100] A 3.22 g portion of 2-(1-imidazolyl)pyridlne N-oxide was added to 7.6 g of concentrated sulfuric acid, a mixed 
solution of 5.2 g of fuming nitric acid and 2.6 g of concentrated sulfuric acid was gradually added dropwise thereto, 
and then the mixture was heated at 130°C for about 2.5 hours. The reaction mixture was spontaneously cooled, poured 
into 150 g of ice-cooled water, neutralized with potassium carbonate and then extracted with 300 ml of ethyl acetate. 
so The organic layer was dried and then concentrated, and the thus obtained mixture was subjected to a silica gel column 
chromatography and eluted with chloroform-methanol-28% aqueous ammonia (200:0.9:0.1 , v/v/v) to obtain 0.12 g of 
the title compound as yellow crystals. 

Reference Example 24 

55 

4-Amino-2-(1-imidazolyi)pyridine 

[0101] A 0.12 g portion of 2-(1-imidazolyl)-4-nitropyridine N-oxide was suspended in 14 ml of 70% ethanol aqueous 
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solution, 0.32 g of iron powder and 20 mg of ammonium chloride were added in that order to the suspension and then 
the mixture was heated at 1 00°C for about 20 minutes. Then, the insoluble matter was immediately removed by filtration, 
and the resulting filtrate was evaporated under reduced pressure to obtain 0.1 g of the title compound. 

5 Reference Example 25 

2-Aminomethyl-6-chloropyridine 

[0102] A 3.3 g portion of Raney nickel was suspended in 30 ml of ethanol, and the suspension was mixed with 1 .42 
10 g of 2-cyano-6-chloropyridine and 10 ml of 28% aqueous ammonia and stirred at room temperature for 4 hours in a 
stream of hydrogen. The reaction mixture was filtered through celite and the filtrate was concentrated to obtain 1 .38 
g of the title compound as a mixture. 

Reference Example 26 

15 

Methyl 2-morpholinoisonicotinate 

[0103] A 5.0 g portion of 2-chloroisonicotinic acid and 6.91 g of morpholine were suspended in 1 6 ml of isopropanol 
and stirred at 1 50°C for 27 hours in a sealed tube. The solvent was evaporated and then the residue was mixed with 
20 70 ml of methanol and 5 ml of concentrated sulfuric acid and heated under reflux for 6.5 hours. The solvent was 
evaporated and the residue was dissolved in chloroform and washed with saturated aqueous sodium bicarbonate. 
After evaporation of the solvent, the resulting mixture was subjected to a silica gel column chromatography and eluted 
with hexane-ethyl acetate (4:1 , vAO to obtain 4.42 g of crystals of the title compound. 

25 Reference Example 27 

2-lsopropylisonicotinic acid 

[0104] A 7.5 ml portion of 8 N aqueous potassium hydroxide was added to 50 ml of ethanol solution containing 2.7 
30 g of 4-cyano-2-isopropylpyridine, and the mixture was heated under reflux for 1 2 hours. After cooling to room temper- 
ature, the reaction mixture was mixed with water and diethyl ether and the aqueous layer was separated. The aqueous 
layer was adjusted to an acidic pH of 3 using 4 N hydrochloric acid and then saturated with sodium chloride. This was 
extracted with a mixed solvent of ethyl acetate-isopropanol (5:1 , v/v) and dried over anhydrous magnesium sulfate, 
and then the solvent was evaporated under reduced pressure to obtain 3.1 g of the title compound. 

35 

Reference Example 28 

2-(2,2,2-Trifluoroethoxy)isonicotinic acid 

40 [0105] A mixture consisting of 7.5 g of 2-chloroisonicotinic acid, 1 6 g of potassium tert-butoxide and 1 00 ml of 2,2,2-tri- 
fluoroethanol was stirred at 1 70°C for 5 days in a sealed tube, After evaporation of the solvent, the residue was mixed 
with water and 4 N hydrochloric acid and extracted with chloroform. The solvent was washed with water, dried over 
anhydrous magnesium sulfate and then concentrated, and the thus formed crystals were washed with hexane to obtain 
7.7 g of the title compound. 

45 

Reference Example 29 
6-Methylaminonicotinic acid 

so [0106] A 20 ml pyridine solution of 10 g of 6-chloro nicotinic acid and 27 ml of 40% methylamine aqueous solution 
was heated at 150°C for 24 hours in a sealed tube. After spontaneous cooling to room temperature, this was mixed 
with water and adjusted to pH 3 with 1 N aqueous hydrochloric acid. The precipitated crystals were collected by filtration 
to obtain 5.82 g of the title compound as grayish white crystals. 

55 
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Reference Example 30 

Synthesis of 6-acetylmethylaminonicotinic acid 

[0107] A 1 .5 g portion of 6-methylaminonicotinic acid in 20 ml of acetic anhydride was heated under reflux for 1.5 
hours. After evaporation of the solvent under reduced pressure, the residue was dissolved with saturated aqueous 
sodium bicarbonate, and the aqueous layer was washed with ethyl acetate and then adjusted to pH 3 using concentrated 
hydrochloric acid. Then the aqueous layer was extracted with chloroform, the organic layer was washed and dried, 
and then the solvent was evaporated under reduced pressure to obtain 280 mg of the title compound as white crystals. 

Reference Example 31-1 

Methyl 2-isopropoxyisonicotinate 

[0108] A mixture of 5 g of 6-chloronicotinic acid, 6.5 g of sodium isopropoxide and 1 00 ml of isopropanol was stirred 
at 150°C for 4 days in a sealed tube. After evaporation of the solvent, the residue was mixed with 200 ml of methanol 
and 5 ml of concentrated sulfuric acid and heated under reflux for 15 hours. After concentration of the solvent, the 
residue was mixed with chloroform and washed with saturated aqueous sodium bicarbonate. After evaporation of the 
solvent, the resulting mixture was subjected to a silica gel column chromatography and eluted with hexane-ethyl acetate 
(1 0:1 , v/v) to obtain 2.5 g of crystals of the title compound. 

[0109] Compound of Reference Example 31-2 was synthesized in the same manner as described in Reference 
Example 31-1 . Methyl 2-(2-morpholinoethoxy)isonicotinate 

Reference Example 32-1 

frans-4-(2 ( 5-Dimethyipiperazin-1-yl)-2-methoxybenzonitrile 

[0110] A 1.35 g portion of potassium tert-butoxide and 0.48 ml of methanol were added to 5 ml of THF, and the 
mixture was stirred for 30 minutes. Next, this was mixed with 934 mg of trans-4-(2,5-dimethylpiperazin-1-yl)-2-fluor- 
omethylbenzonitrile synthesized in Example 1-4 and stirred at room temperature for 2 days. This was mixed with 
saturated brine and extracted with ethyl acetate, the organic layer was washed with water, and then the solvent was 
evaporated and the resulting mixture was subjected to a silica gel column chromatography and eluted with ethyl acetate- 
methanol-28% aqueous ammonia (9:1 :0.1 , v/v/v) to obtain 900 mg of the title compound. 

[0111] Compounds of Reference Examples 32-2 and 32-3 were synthesized in the same manner as described in 
Reference Example 32-1 . 

Reference Example 32-2 

ffans-4-(2,5-Dimethylpiperazin-l-yl)-2-(2-methoxyethoxy)benzonitrile 
Reference Example 32-3 

trans-4- (2,5-Dimethylpiperazin-1-yl) -2- (2-morpholinoethoxy)benzonitrile 

[0112] Physical data of the compounds of Reference Examples 8 to 32 are shown in Table 6. 

[0113] Structures and physical data of the compounds of reference examples are shown in the following tables. 

[0114] In this connection, each symbol in the tables means as follows. 

Ref. No. : Reference Example No. 

DATA : Physical data 

NMR : Nuclear magnetic resonance spectrum 

(measured in DMSO-d 6 , TMS was used as an internal standard unless otherwise noted) 

MS : Mass spectrometry data 

Me : Methyl 

Et : Ethyl 

Ph : Phenyl 

Remarks : Configuration of compounds having R 2 and R 3 
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(the case of no particular description indicates a racemate or a compound having no stereo isomer), or show a salt of 
a compound which formed the salt. 
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Example 1-1 

frans-4-(4-Cyano-3-trifluorometo^ 

s [0115] A 300 mg portion of frans^-(2,5-dimethylpipera2in-1-yl)-24rifluoromethyIbenzonitrile synthesized in Refer- 
ence Example 1 -1 was dissolved in 1 0 ml of dichloromethane, 0.1 3 ml of p-f luoro benzisocyanate was added dropwise 
to the solution under ice-cooling, and the mixture was stirred at room temperature for 1 hour. The reaction mixture was 
washed with water, the solvent was evaporated and then the resulting residue was purified by a silica gel column 
chromatography to obtain 390 mg of the title compound from chloroform-methanol (99:1 , v/v) eluate as colorless oil. 

10 Thereafter, this was crystallized from acetone-diisopropyl ether to obtain it as 1 65 mg of colorless crystals. 

[0116] Compounds of Examples 1-2 to 1-56 were synthesized in the same manner as described in Example 1-1 . 

Example 2-1 

15 frans-4-(4-Cyano-3-trifluoromethylph 

[0117] A 0.32 ml portion of 2-thenoyl chloride was dissolved in 10 ml of acetonitrile to which were subsequently 
added 0.49 ml of triethylamine and then 290 mg of sodium azide under ice-cooling, and the mixture was stirred at room 
temperature for 3 hours. The reaction mixutre was poured into ice water and extracted with diethyl ether. The organic 
20 layer was washed with saturated brine and dried over magnesium sulfate. By evaporating the solvent under reduced 
pressure, light brown crystals were obtained. 

[01 1 8] The thus obtained crystals were dissolved in 1 0 ml of toluene and stirred at 1 00°C for 3 hours. The reaction 
mixture was spontaneously cooled, mixed with 1 0 ml of acetonitrile and the with 450 mg of frans-4-(2,5-dimethylpiper- 
azin-1 -yl)-2-trifluoromethylbenzonitrile synthesized in Reference Example 1 -1 , and the mixture was stirred for 20 min- 
25 utes. After evaporation of the solvent under reduced pressure, the residue was dissolved in ethyl acetate, washed with 
saturated sodium bicarbonate solution, water and saturated brine in that order and then dried over sodium sulfate. The 
solvent was evaporated under reduced pressure and the residue was purified by a silica gel column chromatography 
to obtain 504 mg of the light yellow title compound from ethyl acetate- hexane (1:1, v/v) eluate. 
[0119] Compounds of Examples 2-2 to 2-10 were synthesized in the same manner as described in Example 2-1 . 

30 

Example 3-1 

f/ans-4-(4-Cyano-3-trifluoromethylphenyl)-2,5-dimethyl-N-phenethylpiperazine-1-carboxamide 

35 [0120] A 5 ml portion of acetonitrile, 0.17 ml of triethylamine and 0.26 ml of DPPA were added to 180 mg of hydroc- 
innamic acid and heated under reflux for 1 .5 hours. The reaction mixture was spontaneously cooled, mixed with 280 
mg of frarjs-4-(2,5-dimethylpiperazin-1-yl)-2-trifluoromethylbenzonitrile synthesized in Reference Example 1-1 and 
stirred at room temperature for 1 hour. The solvent was evaporated under reduced pressure and the residue was 
purified by a silica gel column chromatography to obtain 204 mg of the title compound from ethyl acetate-chloroform 

40 (2:1 , v/v) eluate as colorless oil. 

[0121] Compounds of Examples 3-2 to 3-4 were synthesized in the same manner as described in Example 3-1 . 

Example 4 

45 f/ans-2',4'-Dibromo-4-(4-cyano-3-fluorophenyl)-2,5-dimethylpiperazine-1-carboxanilide 

[0122] A 300 mg portion of 2,4-dibromoaniline was dissolved in 10 ml of THF, and the solution was mixed with 153 
mg of triphosgene under ice-cooling and then stirred at room temperature for 4 hours. Next, to this was added dropwise 
5 ml of THF solution containing 427 mg of trans-4-{2, 5-dimethylpiperazin-l-yl)-2-fluorobenzonitrile synthesized in Ref- 
50 erence Example 1-1 and 460 mg of triethylamine, and the mixture was further stirred for 1 hour. After evaporation of 
the solvent, the thus obtained residue was dissolved in ethyl acetate, washed with saturated sodium bicarbonate so- 
lution and saturated brine in that order and then dried over sodium sulfate. After evaporation of the solvent under 
reduced pressure, the residue was purified by a silica gel column chromatography to obtain 390 mg of the title compound 
from chloroform-hexane (1:1, v/v) eluate as a light yellow product. 

55 
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Example 5-1 

frans-4-(4-Cyano-3-trifluorome^ 

s [0123] A 532 mg portion of DIBOC was dissolved in 10 ml of acetonitrile, 3 ml of acetonitrile containing 124 mg of 
DMAP and 235 mg of cumylamlne was added dropwise to the solution, and then the mixture was stirred at room 
temperature for 1 0 minutes. Next, this was mixed with 300 mg of fra/7S-4-(2,5-dimethylpiperazin-1 -yl)-2-trifluorometh- 
ylbenzonitrile synthesized in Reference Example 1-1 and stirred at room temperature for 5 hours. The solvent was 
evaporated under reduced pressure, and the thus obtained residue was dissolved in ethyl acetate, washed with sat- 

10 urated sodium bicarbonate solution and saturated brine in that order and then dried over sodium sulfate. The solvent 
was evaporated under reduced pressure and the residue was purified by a silica gel column chromatography to obtain 
475 mg of the title compound from ethyl acetate- hexane (1:1, v/v) eluate. 

[0124] Compounds of Examples 5-2 and 5-3 were synthesized in the same manner as described in Example 5-1 . 
15 Example 6-1 

(2R,5S)-N-(2-Bromo-4-pyridyl)-4-^ 

[0125] A 1 .66 g portion of 4-amino-2-bromopyridine was dissolved in 1 .4 ml of pyridine, mixed with 2.0 g of phenyl 
20 chloroformate and stirred at room temperature for 4 days. Next, this was mixed with 2 g of (2S,5R)-4-(2,5-dimethyl- 
piperazin-1-yl)-2-trifluoromethylbenzonitrile synthesized in Reference Example 11-1 and heated at 100°C for 1 hour 
and 30 minutes. After evaporation of the solvent, the residue was dissolved in ethyl acetate, washed with water and 
then with saturated brine and dried over magnesium sulfate. After evaporation of the solvent, the residue was subjected 
to a silica gel column chromatography and eluted with chloroform-methanol (30:1 , v/v), and the resulting fraction was 
25 subjected to crystallization from ethyl acetate-hexane to obtain 2.7 g of the title compound. NMR: 1 .1 0 (3H, d, J = 6), 
1.20 (3H, d, J = 6), 3.35 - 3.52 (2H, m), 3.68 - 3.80 (1H, m), 3.82 - 3.96 (1H, m), 4,28-4.60 (2H, m), 7.22 - 7.35 (2H, 
m), 7.50 - 7.58 (1H, m), 7.80 - 7.90 (2H, m), 8.14 (1H, d, J = 5), 9.19 (1H, s) 

[0126] Compounds of Examples 6-2 to 6-16 were synthesized in the same manner as described in Example 6-1 . 
30 Example 6-13 

(2R,5S)-4-(4-Cyano-3-trifluoromethylphenyl)-N-(6-methoxy-3-pyridyl)-2,5-dimethylpiperazine-1-carboxam 

[0127] NMR: 1 .11 (3H, d, J = 7), 1 .1 8 (3H, d, J = 7), 3.30 - 3.45 (2H, m), 3.70 - 3.76 (1 H, m), 3.80 (3H, s), 3.84 - 3.90 
35 (1H, m), 4.36 - 4.45 (2H, m), 6.75 (1H, d, J = 9), 7.24-7.33 (2H, m), 7.27 (1H, dd, J = 3, 9), 7.85 (1H, d, J = 9), 8.19 
(1H, d f J = 3), 8.56 (1H,s) 

Example 7-1 

40 (2R, 5S)-4-(4-Cyano-3-trifluoromethylphenyl)-N-[(6-methoxy-3-pyridyl)methyl]-2,5-dimethylpiperazine- 
1 -carboxamide 

[0128] Under ice-cooling, 10 ml of dichloromethane solution containing 700 mg of (2S,5R)-frans-4-(2,5-dimethyl- 
piperazin-1 -yl)-2-trifiuoromethylbenzonitrile and 274 mg of triethylamine was added to 1 0 ml of dichloromethane solu- 

45 tion containing 252 mg of triphosgene and stirred for 1 hour. To this was added dropwise 10 ml of dichloromethane 
solution containing 409 mg of 5-aminomethyl-2-methoxypyridine synthesized in Reference Example and 274 g of tri- 
ethylamine, and the mixture was stirred overnight at room temperature. The solvent was evaporated, the thus obtained 
residue was mixed with water, extracted with ethyl acetate and dried, and then the solvent was evaporated. The resulting 
residue was subjected to a silica gel column chromatography and eluted with chloroform-methanol (50:1 , v/v) to obtain 

so 1 .02 g of the title compound. 

[0129] Compounds of Examples 7-2 to 7-11 were synthesized in the same manner. 

Example 8-1 

55 3-(4-Cyano-3-trifluoromethylphenyl)-N-(4-fluorophenyl)-5,5-dimethyl-1-imidazolidinecarboxamide 

[0130] A 1.0 g portion of 1-[2-(4-cyano-3-trifluoromethylanilino)-1,1-dimethylethyl]-3-(4-fluorophenyl)urea synthe- 
sized in Reference Example 9-1 was dissolved in 1 0 ml of acetic acid, and the solution was mixed with 0.4 ml of formalin 
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and heated at 50°C for 2 hours. The solvent was evaporated, the resulting residue was purified by a silica gel column 
chromatography, and the compound obtained from chloroform-methanol (30: 1 , v/v) eluate was washed with dllsopropyl 
ether to obtain 751 mg of the title compound. 

[0131] Compound of Example 8-2 was synthesized in the same manner as described in Example 8-1 . 

5 

Example 9 

fra/7S-4-(4-Cyano-3-trifluoromethylphenyl)-N-(4-fluorophenyl)-2,5-dimethylpiperazine-1 -sulfonamide 

10 [0132] A 1 .21 g portion of frans-4-(2,5-dimethyipiperazin-1 -yl)-2-trifluoromethylbenzonitrile synthesized in Reference 
Example 1 -1 and 2.05 g of sulfamide were heated under reflux for 1 .5 hours in 15 ml of pyridine. Next, this was mixed 
with 4.05 ml of 4-fluoroaniline and again heated under reflux for 4 hours. After evaporation of the solvent, the residue 
was purified by a silica gel column chromatography to obtain 701 mg of the title compound from toluene-ethyl acetate 
eluate. 

15 

Example 1 0 

fra/7S-4 , -Amino-4-(4-cyano-3-trifluoromethylphenyi)-2,5-dimethylpiperazine-1-carboxanilide 

20 [0133] A 450 mg portion of f/ans-4-(4-cyano-3-trifluoromethylphenyl)-2,5-dimethyl-4 , -nitropiperazine-1-carboxani- 
lide synthesized in Example 1 -4 was dissolved in 8 ml of methanol, and the solution was mixed with 4 ml of water, 280 
mg of iron powder and 30 mg of ammonium chloride and heated under reflux for 5 hours. The reaction solution was 
again mixed with 280 mg of iron powder and 30 mg of ammonium chloride and further heated under reflux for 2 hours. 
The reaction solution was filtered through celite, and the solvent in the filtrate was evaporated under reduced pressure. 

25 The residue was dissolved in ethyl acetate, washed with water and saturated brine in that order and then dried over 
sodium sulfate. The solvent was evaporated under reduced pressure, and the residue was purified by a silica gel 
column chromatography (methanol-chloroform) to obtain 260 mg of the title compound as colorless crystals. 

Example 11 

30 

frans-4 , -Acetamino-4-(4-cyano-3-trifluoromethylphenyl)-2,5-dimethylpiperazine-1-carboxyanili^ 

[0134] A 300 mg portion of trans-4'-amino-4-(4-cyano-3-trifluoromethylphenyl)-2,5-dimethylpiperazine-1-carboxy- 
anilide synthesized in Example 10 and 88 mg of acetic anhydride were dissolved in 1 0 ml of dichloroethane and stirred 
35 at room temperature for 1 0 hours. After evaporation of the solvent, the residue was dissolved in ethyl acetate, washed 
with water and saturated brine and then dried over sodium sulfate. The solvent was evaporated under reduced pressure, 
and the residue was crystallized from ethyl acetate- hexane to obtain 1 95 mg of the title compound as colorless crystals. 

Example 12-1 

40 

(2R,5S)-4-{[4-(4-Cyano-3-trifluorom acid 

[0135] A 40 ml portion of 1 N sodium hydroxide aqueous solution was added dropwise to 40 ml of THF solution 
containing 3.36 g of ethyi (2R,5S)-4-{[4-(4-cyano-3-trifluoromethylphenyl)-2,5-dimethylpiperazine-1-carbonyI]amino} 
45 pyridine-2-carboxylate synthesized in Example 1 8-3, and the mixture was stirred at room temperature for 1 hour. This 
was adjusted to pH 2 to 3 by adding 4 N hydrochloric acid under ice-cooling, and the thus formed precipitate was 
collected by filtration, washed with purified water and then dried at 70°C under reduced pressure to obtain 2.80 g of 
the title compound. 

[0136] Compounds of Examples 12-2 and 12-3 were synthesized in the same manner. 

50 

Example 13-1 

(2R,5S)-4-(4-Cyano-3-trifluoromethylphenyl)-2,5-dimethyl-N-(2-methylcarbamoyl-4-pyridyl)piperazine- 
1 -carboxamide 

55 

[0137] Under ice-cooling, 332 mg of HOBT and 51 9 mg of WSC were added in that order to a suspension of 1 .10 g 
of (2R,5S)-4-{[4-(4-cyano-3-trifluoromethylph ac- 
id synthesized in Example 12-1 in 30 ml of DMF, and then the mixture was warmed up to room temperature and stirred 
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for 1 .5 hours. This was again ice-cooled, 10 ml of 40% aqueous methylamine was added thereto In one portion and 
then the mixture was stirred overnight. This was mixed with purified water and extracted with ethyl acetate, and the 
thus obtained organic layer was washed twice with saturated brine, dried over anhydrous magnesium sulfate and then 
concentrated. The residue was subjected to a silica gel column chromatography to obtain 674 mg of the title compound 
5 from methanol-ethyl acetate (1 :9, v/v) eluate. 

NMR: 1 .10 (3H, d, J = 6), 1.21 (3H, d, J = 6), 2.81 (3H, d, J = 5), 3.40 (1H, dd, J = 4, 13), 3.46 (1H, br d, J = 11), 3.75 
(1 H, dd, J = 2, 1 3), 3.96 (1 H, br d, J = 1 4), 4.33 - 4.43 (1 H, m), 4.49 - 4.60 (1 H, m), 7.27 (1 H, dd, J = 2, 9), 7.31 (1 H, 
d, J = 2), 7.83 (1 H, dd, J = 2, 5), 7.85 (1 H, d, J = 9), 8.1 7 (1 H, d, J = 2), 8.38 (1 H , d, J = 5), 8.69 (1 H, dd, J = 5), 9.23 (1 H , s) 
[0138] Compounds of Examples 13-2 to 13-4 were synthesized in the same manner. 

w 

Example 1 4 

fra/7s-4-(4-Cyano-3-trifluoromethylp^ 

15 [0139] A 200 mg portion of 4-chlorosulfonylphenyl isocyanate was dissolved in 20 ml of dichloromethane, 5 ml of 
dichlorom ethane containing 400 mg of f/ans-4-(2,5-dimethylpiperazin-1-yl)-2-trifluoromethylbenzonitrile synthesized 
in Reference Example 1-1 was added dropwise to the solution at -78°C, and the mixture was stirred at the same 
temperature for 1 hour. Next, this was mixed with 400 mg of 40% methylamine methanol solution and stirred at room 
temperature for 1 hour. The solvent was evaporated, and the residue was dissolved in ethyl acetate, washed with dilute 

20 hydrochloric acid, saturated sodium bicarbonate solution and saturated brine in that order and then dried over sodium 
sulfate. The solvent was evaporated under reduced pressure and the residue was purified by a silica gel column chro- 
matography to obtain 340 mg of the title compound from ethyl acetate-hexane (1 :1 , v/v) eluate. 

Example 15-1 

25 

fraA7S-4-(4-Cyano-3-trifluoromethylphenyl)-4'-fluoro-N f 2,5-trimethylpiperazine-1-carboxanilide 

[0140] A 69 mg portion of 60% sodium hydride was suspended in 6 ml of DMF, 660 mg of f/a/is-4-(4-cyano-3-trif- 
luoromethylphenyO-^-fluoro^^-dimethylpiperazine-l-carboxanilide synthesized in Example 1-1 was added to the 

30 suspension under ice-cooling, and then the mixture was stirred at 50°C for 10 minutes. The reaction solution was ice- 
cooled, 0.11 ml of methyl iodide was added dropwise thereto, and then the mixture was stirred at room temperature 
for 2 hours. The reaction mixture was mixed with water, extracted with ethyl acetate, washed with saturated brine and 
then dried over sodium sulfate. The solvent was evaporated under reduced pressure and the residue was purified by 
a silica gel column chromatography to obtain 620 mg of the title compound from ethyl acetate-hexane eluate. 

35 [01 41 ] Compounds of Examples 1 5-2 and 1 5-3 were synthesized in the same manner as described in Example 1 5-1 . 
In this connection, acetic anhydride was used instead of methyl iodide in the case of Example 15-2. 

Example 16-1 

40 4-[frans-2,5-Dimethyl-4-(1 -oxo-1 M-thiomorpholine-4-carbonyl)piperazin-l-yl]-2-trifluoromethylbenzonitrile 

[0142] A 270 mg portion of 4-[2,5-dimethyl-4-(thiomorpholine-4-carbonyl)piperazin-1-yl]-2-trifluoromethylbenzoni- 
trlle synthesized in Example 7-6 was dissolved in 7 ml of dichloromethane, and the solution was mixed with 1 10 mg of 
sodium bicarbonate and 155 mg of m-chloroperbenzoic acid (MCPBA) at -78°C and stirred at the same temperature 
45 for 6 hours. The reaction solution was mixed with chloroform, washed with 1 N aqueous sodium hydroxide and saturated 
brine and then dried over sodium sulfate. The solvent was evaporated under reduced pressure and the residue was 
purified by a silica gel column chromatography to obtain 232 mg of the title compound from methanol-ch I o reform (1 : 
50, v/v) eluate. 

[0143] Compounds of Examples 1 6-2 to 1 6-5 were synthesized in the same manner as described in Example 16-1. 
so in this connection, amount of MCPBA was optionally changed in response to the oxidation state of the product. 

Example 17 

4-[4-Benzyloxycarbonyl-2-methyl-1-piperazinyl]-2-trifluoromethylbenzonitrile 

55 

[0144] A 1 .01 g portion of benzyl 3-methylpiperazine-1 -carboxylate synthesized in Reference Example 1 0, 814 mg 
of 4-fluoro-2-trifluoromethylbenzonitrile and 2.38 g of potassium carbonate were added to 20 ml of DMF and stirred at 
100°C for 20 hours. This was mixed with water, extracted with ethyl acetate and dried, and then the solvent was 
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evaporated. The resulting residue was purified by a silica gel column chromatography to obtain 440 mg of the title 
compound from ethyl acetate-hexane (3:1 , v/v) eluate. 

Example 18-1 

5 

(2R,5S)-frans-4-(4-tyano-3-trifluorom 

[0145] A 3.4 g portion of 2-chloroisonicotinic acid was suspended in 50 ml of acetonitrile, and the suspension was 
mixed with 2.64 ml of oxalyl chloride and 3 drops of DMF and stirred at room temperature for 40 minutes. This was 

10 then mixed with 2.81 g of sodium azide and 9.03 ml of triethylamine and stirred at room temperature for 1 hour. The 
reaction solution was mixed with water and extracted with ether, and then the solvent was evaporated to obtain crude 
acid azide. This was dissolved in 30 ml of toluene, and the mixture was heated under reflux for 45 minutes. To the 
reaction mixture was added 2 g of (2S,5R)-4-(2,5-dimethylpiperazin-1-yl)-2-trifluoromethylbenzonitriIe synthesized in 
Reference Example 1 1 -1 at room temperature, and the reaction mixture was stirred at room temperature for 30 minutes. 

15 After evaporation of the solvent, the resulting mixture was subjected to a silica gel column chromatography and eluted 
with chloroform-methanol (50:1 , v/v) to obtain 3.44 g of the title compound. Thereafter, this was crystallized from ethyl 
acetate-hexane to obtain 2.51 g of crystals of the title compound. 

NMR: 1 .10 (3H, d, J = 6), 1 .20 (3H, d, J = 6), 3.36 - 3.51 (2H, m), 3.71 - 3.78 (1H, m), 3.86 - 3.93 (1H, m), 4.31-4.43 
(1 H, m), 4.46 - 4.56 (1 H, m), 7.21 - 7.35 (2H, m), 7.45 - 7.55 (1 H, m), 7.69 (1 H, d, J = 2), 7.86 (1 H, d, J = 9), 8.1 7 (1 H, 
20 d, J =6), 9.22 (1H, s) 

[01 46] In the following, synthesis of the compounds of Examples 1 8-2 to 1 8-30 was carried out in the same manner 
as described in Example 18-1 using a racemic or corresponding optically active f/ans-4-(2,5-dimethylpiperazin-1-yl)- 
2-trifluoromethylbenzonitrile, f/ans-2-chloro-4-(2 r 5-dimethylpiperazin-1-yl)benzonitrile, 4-(piperazin-1-yl)-2-trifluor- 
omethylbenzonitrile or f/ans-4-(2,5-dimethylpiperazin-1-yl)-2-(2-morpholinoethoxy)benzonitrile. Some of the com- 
25 pounds were isolated as hydrochloride in the usual way. 

Example 1 8-2 

[01 47] (2R,5S)-4-(4-Cyano-3-trif luoromethylphenyl)-2,5-dimethyl-N-(4-pyridyI)piperazine-1 -carboxamide monohy- 
30 drochloride NMR: 1.11 (3H, d, J = 7), 1 .23 (3H, d, J = 7), 3.15 - 3.90 (3H, m), 3.93 - 4.29 (1H, m), 4.30 - 4.50 (1H, m), 
4.52-4.85 (1 H, m), 7.20 - 7.40 (2H, m), 7.86 (1 H, d, J = 9), 8.15 (2H, d, J = 7), 8.59 (2H, d, J = 7), 1 0.78 (1 H, s), 14.87 
(1H, brs) 

Example 18-4 

35 

[0148] (2R,5S) -4-(4-Cyano-3-trifluoromethyiph^ 

boxamide NMR: 1 .12 (3H, d, J = 6), 1 .22 (3H, d, J = 7), 3.35 - 3.55 (2H, m), 3.72 - 3.79 (1 H, m) ( 3.87 - 3.98 (1 H, m), 
4.32-4.59 (2H, m), 7.24 - 7.34 (2H, m), 7.80 (1 H, d, J = 9), 7.86 (1 H, d, J = 7), 8.15 - 8.22 (1 H, m), 8.86 (1 H, d, J = 2), 
9.17 (1H,s) 

40 

Example 1 8-5 

[0149] (2R,5S)-4-(4-Cyano-3-trifluoromethylphenyl)-N^ 

NMR: 1 .11 (3H, d, J = 6), 1 .20 (3H, d, J = 7), 3.39 (1H, dd, J = 4, 13), 3.44 (1H, dd, J = 3, 14), 3.75 (1H, dd, J = 1 , 13), 
45 3.89 (1H, br d, J = 14), 4.30 - 4.42 (1H, m), 4.45 - 4.55 (1H, m), 7.09 (1H, dd, J = 2, 9), 7.27 (1H, dd, J = 2, 9), 7.31 
(1 H, d, J = 2), 7.85 (1 H, d, J = 9), 8.05 (1 H, ddd, J = 3, 8, 9), 8.29 (1 H, dd, J = 1 , 2), 8.83 (1 H, s) 

Example 18-7 

so [0150] (2R,5S)-N-(6-Cyano-3-pyridyl)-4-(4-cya 

NMR: 1.11 (3H, d, J = 7), 1.22 (3H, d, J = 6), 3.36 - 3.54 (2H, m), 3.68 - 3.82 (1H, m), 3.84 - 3.98 (1H, m) p 4.31-4.45 
(1H, m), 4.46-4.60 (1H, m), 7.20-7.36 (2H, m), 7.86 (1H, d, J = 9), 7.91 (1H, d, J = 9), 8.15 (1H, dd, J =2, 9), 8.85 
(1H, d, J = 2), 9.26 (1H,s) 

55 Example 1 8-8 

[0151] (2R, 5S)-4-(4-Cyano-3-trifluoromethylphenyl)-N-(2-fluoro-4-pyridyl)-2,5-dimethylpiperazine-1 -carboxamide 
NMR: 1 .09 (3H, d, J = 7), 1 .20 (3H, d, J = 7), 3.35 - 3.52 (2H, m), 3.68- 3.82 (1 H, m), 3.89 (1 H, d, J = 1 3), 4.30-4.44 
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(1 H, m), 4.45 - 4.57 (1 H, m), 7.22 - 7.35 (3H, m), 7.40 (1 H t d, J = 6), 7.86 (1 H, d, J = 9), 8.00 (1 H, d, J = 6), 9.29 (1 H, s) 
Example 18-9 

5 [0152] (2R,5S)-4-(4-Cyano-3-trifluoromethylphenyl)-2 ! 5-dimethyl-N- (2-trifluoromethyl-4-pyridyl)piperazine-1-car- 
boxamide NMR: 1.10 (3H, d, J = 6), 1 .21 (3H, d, J = 6), 3.40 (1 H, dd, J = 6, 14), 3,47 (1 H, br d, J = 12), 3.76 (1 H, br 
d, J = 12), 3.91 (1H, d, J = 14), 4.34 - 4.43 (1H, m), 4.48-4.56 (1H, m), 7.29 (1H, dd, J = 2, 9), 7.31 (1H, d, J = 2), 7.79 
(1 H, dd, J = 2, 6), 7.86 (1H, d, J = 9), 8.06 (1 H, d, J = 2), 8.51 (1 H, d, J = 6), 9.37 (1 H, s) 

10 Example 19-1 

(2R, 5S)-4-(4-Cyano-3-trifluoromethylphenyl) -N- (2-methoxy-6-methyl*4-pyrldyl)-2,5-dlmethylpiperazine- 
1-carboxamide 

15 [0153] A6.1 ml portion of 1 N aqueous sodium hydroxide was added to 10 ml of THF containing 1.20 got 2-methoxy- 
6-methyl-4-pyridinecarboxylic acid ethyl ester and stirred at room temperature for 1 hour and 20 minutes, and then the 
reaction solvent was evaporated to obtain 2-methoxy-6-methyl-4-pyridinecarboxylic acid sodium salt. Thereafter, the 
title compound was obtained by the same procedure of Example 18-1 . 

NMR: 1 .08 (3H, d, J = 6), 1 .17 (3H, d, J = 6), 2.30 (3H, s), 3.35 - 3.45 (2H, m), 3.69 - 3.75 (1 H, m), 3.78 (3H, s), 3.83 
20 - 3.89 (1H, m), 4.32 - 4.40 (1H, m), 4.45 - 4.54 (1H, m), 6.82 - 6.85 (1H, m), 6.97 - 6.99 (1H, m), 7.23-7.31 (2H, m), 
7.84 (1H,d, J = 9), 8,83 (1H,s) 

[01 54] Compounds of Examples 1 9-2 to 1 9-6 were synthesized in the same manner. 
Example 19-2 

25 

[0155] (2R,5S)-4-(4-Cyano-3-trifluoromethylphenyl)-N-(2-ethyl-6-methoxy-4-pyridyl)-2,5-dimethylpipe 

boxamide NMR: 0.80 - 0.93 (4H, m), 1 .84 - 1 .95 (1 H, m), 3.73 (3H, s), 6.78 (1 H, d, J = 2), 7.03 (1 H, d, J = 2), 7.21 - 

7.33 (2H, m), 7.85 (1 H, d, J = 9), 8.82 (1H, s) 

30 Example 20 

(2R,5S)-N-(2-Acetyl-4-pyridyl)-4-(4-cya 

[0156] While stirring with ice-cooling, 12.5 mi of trifluoroacetic acid was added to 12.5 ml of chloroform solution 
35 containing 1 .41 g of 2-acetyl-4-pyridinylcarbamic acid t-butyl ester. The mixture was immediately warmed up to room 
temperature and stirred for 2 hours and 40 minutes. The solvent was evaporated under reduced pressure to obtain a 
crude amine. This compound was dissolved in 25 ml of pyridine, and the solution was mixed with 0.83 ml of phenyl 
chloroformate while stirring with ice-cooling and then immediately warmed up to room temperature. After 8 hours and 
30 minutes, this was mixed with 10 ml of pyridine solution containing 1.4 g of (2S,5R)-4-(2,5-dimethylpiperazin-1-yl) 
40 -2-trifluoromethylbenzonitrile and heated under reflux for 1 hour. The reaction mixture cooled to room temperature was 
mixed with water and extracted with chloroform. The organic layer was washed with saturated brine and dried over 
anhydrous sodium sulfate, and then the solvent was evaporated under reduced pressure. The residue was purified by 
a silica gel column chromatography to obtain 1 .03 g of the title compound from methanol-chloroform (1 :99, v/v) eluate. 
NMR: 1.10 (3H, d, J = 7), 1.20 (3H, d, J = 7), 2.61 (3H, s), 3.34 - 3.52 (2H, m), 3.75 (1H, d, J = 14), 3.92 (1H, d, J = 
45 14), 4.28 - 4.45 (1H, m), 4.46 - 4.62 (1H, m), 7.20 - 7.35 (2H, m), 7.78 - 7.91 (2H, m), 8.12 (1H, d, J = 2), 8.48 (1 H, d, 
J = 6), 9.24 (1H,S) 

Example 21 

so (2R,5S)-N-(2-Amino-4-pyrimidyl)-4-(4-cyano-3-trifluoromethylphenyl)-2,5-dimethylpiperazine-1-ca 

[0157] A 15 ml portion of trifluoroacetic acid was added to 60 ml of dichloroethane solution containing 2.8 g of (2R, 
5S)-4-(4-cyano-3-trifluoromethylph 

zine-1 -carboxamlde synthesized in Example 6-2, and the mixture was stirred at room temperature for about 12 hours. 
55 The reaction solution was evaporated under reduced pressure, and the thus obtained residue was mixed with saturated 
sodium bicarbonate solution and extracted with chloroform. The thus obtained organic layer was washed with water 
and dried over anhydrous magnesium sulfate, and then the crude product obtained by evaporating the solvent was 
subjected to a silica gel column chromatography to obtain 1 .97 g of the title compound from chloroform-methanol (30: 
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1 , v/v) eluate. Thereafter, this was crystallized from ethyl acetate-hexane to obtain 1 .51 g of the title compound as 
crystals. NMR: 1.08 (3H, d, J = 7), 1.16 (3H, d, J = 7), 3.36 - 3.43 (2H, m), 3.70 (1H, dd, J = 2, 13), 3.88 (1H, d, J = 
13), 4.33 (1 H, br s), 4.50 (1 H, br s), 6.1 9 (2H, s), 6.99 (1 H, d, J = 6), 7.23 (1 H, dd, J = 2, 9), 7.29 (1 H, d, J = 2), 7.83 
(1H, d, J = 9), 8.01 (1H, d, J - 6), 9.17 (1H, s) 

5 

Example 22-1 

(W-)-frans-N-(2-Acetylamino-4-pyrM 

10 [0158] A 1 .2 ml portion of acetic anhydride was added to 10 ml of pyridine solution containing 0.51 g of (+/-)-trans- 
N-(2-amino-4-pyrimidyl)-4-(4-cyano-3-trifluoro^ synthesized in 

the same manner as described in Example 21 , and the mixture was stirred at room temperature for about 12 hours 
and then heated at 70°C for about 1 hour. The reaction solution was evaporated under reduced pressure, and the thus 
obtained residue was mixed with 0.5 N aqueous sodium hydroxide and extracted with chloroform. The thus obtained 

15 organic layer was washed with water and dried over anhydrous magnesium sulfate, and then the crude product obtained 
by evaporating the solvent was separated by a silica gel column chromatography to obtain 0.46 g of the title compound 
from chloroform-methanol-28% aqueous ammonia (500:9:1, v/v/v) eluate. Thereafter, this was crystallized from ethyl 
acetate-hexane solution to obtain 0.31 g of white crystals. 
[01 59] Compound of Example 22-2 was synthesized in the same manner. 

20 

Example 23-1 

(W-)-frans-N-(2-Amino-4-pyridyl)-4-(4^ 

25 [0160] A 50 ml portion of t-butanol solution containing 1 .38 g of (+/-)-fra/7S-4-{[4-(4-cyano-3-trifluoromethylphenyl)- 
2,5-dimethylpiperazine-1-carbonyl]amino)pyridine-2-carboxylic acid synthesized in the same manner as described in 
Example 12-1 , 1 .5 ml of DPPA and 1 .5 ml of triethylamine was heated under reflux for 8 hours, and then the solvent 
was evaporated under reduced pressure. This was mixed with 30 ml of trif luoroacetic acid and stirred at room temper- 
ature for 1 hour, the solvent was evaporated under reduced pressure, and then the resulting residue was alkaiif ied with 

30 saturated sodium bicarbonate solution. Next, this was extracted with ethyl acetate, the organic layer was washed with 
purified water and then with saturated brine and dried over anhydrous sodium sulfate, and then the solvent was evap- 
orated under reduced pressure. The residue was purified by a silica gel column chromatography to obtain 0.94 g of 
the title compound from chloroform-methanol (10:1, v/v) eluate. Thereafter, this was crystallized from ethyl acetate- 
hexane to obtain 0.72 g of the title compound as white crystals. 

35 [01 61] Compound of Example 23-2 was synthesized in the same manner. 

Example 24 

frans-N-(6-Aminosulfonyl-3-pyridyl)-4^ 

40 

[01 62] A 7.3 ml portion of 1 .54 M pentane solution of tert-butyl lithium was added dropwise to 1 00 ml of THF solution 
containing 2.48 g of frans-4-(4-cyano-3-trifluoromethylphenyl)-N-(6-methanesulfonyl-3-pyridyl)-2,5-dimethylpipera- 
zine-1-carboxamide at -78°C, and then the mixture was stirred at -30°C for 15 minutes. After cooling again to -78°C, 
this was mixed with 15.5 ml of 1 .0 M tetrahydrofuran solution of tri-n-butyl borane, warmed up to room temperature 

45 spending 1 hour and then heated under refulx for 18 hours. Under ice-cooling, this was mixed with 5.91 g of sodium 
acetate, 50 ml of water and 491 mg of hydroxylamine-O-sulfonic acid and stirred overnight at room temperature. The 
reaction mixture was extracted with ethyl acetate, the organic layer was washed with saturated sodium bicarbonate 
solution and saturated brine in that order and dried over magnesium sulfate, and then the solvent was evaporated. 
The thus obtained mixture was subjected to a silica gel column chromatography and eluted with chloroform-methanol 

so (9; 1 , vAO to obtain 41 4 mg of the title compound. Thereafter, this was crystallized twice from ethanol to obtain 271 mg 
of the title compound as crystals. 

[01 63] In addition to the above examples, compounds of Examples 25 to 28 can also be synthesized by the methods 
disclosed in the specification or by employing general synthesis methods. 

[0164] Structures and physical data of the compounds of the above examples are shown in the following tables. 
55 [0165] In this connection, symbols inthetables areasdefined in the tables of Reference Examples, and other symbols 
have the following meanings. 

Ex. : Example No. 



30 




EP 1 122 242 A1 





DATA: 


Physical data 




mp : 


Melting point °C (recrystallization solvent) 




MS: 


Mass spectrometry values 




i-Pr: 


Isopropyl 
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t-Bu : 


t-Butyl 




Ac: 


Acetyl 




c-Pr: 


Cyclop ropy I 




Py: 


pyridyl 




Pm: 


Pyrimidinyl 


10 


Im: 


Imidazolyl 




Qy: 


Quinolyl 




Mor : 


Morpholinyl 




AcOEt: 


Ethyl acetate 




EtOH : 


Ethanol 


15 


(Et)20 : 


Diethyl ether 




1,2-diCI-Et: 


1 ,2-Dichloroethane 




(i-Pr)20 : 


Di isopropyl ether 




MeOH : 


Methanol 




i-PrOH : 


Isopropanol 


20 


Hex: 


Hexane 



25 



30 



35 



40 



45 



50 
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Effects of the Invention 

[0166] The compound of the invention shows strong anti -androgenic action by specifically binding to the androgen 
25 receptor. Also, this is useful as a strong anti-androgen agent, because it exerts less effects upon sex hormone levels 
in blood. 

[01 67] Accordingly, the compound of the invention is useful as a therapeutic or preventive agent for prostatic cancer, 
benign prostatic hyperplasia, virilism, hirsutism, baldness, acne, seborrhea and the like diseases. 
[0168] Usefulness of the compound of the invention has been confirmed by the following test methods. 

30 

Evaluation of binding activity for rat androgen receptor 

(1) Preparation of rat prostate gland cytosol fraction 

35 [0169] The ventral prostate gland was obtained from twenty-week-old male Wistar rats 24 hours after castration. 
The homogenized tissue was centrifuged at 800 x g for 20 minutes, the supernatant was further centrifuged at 223,000 
x g for 60 minutes, and the resulting supernatant was recovered to obtain cytosol fraction. 

(2) Measurement of specific binding of 3 H-mibolerone to androgen receptor from rat prostate cytosol fraction 

40 

[0170] The cytosol fraction obtained in the step (1) was adjusted to a protein concentration of 1 mg/ml and used as 
a rat androgen receptor solution. 3 H-Mibolerone, triamcinolone acetate and dimethyl sulfoxide (DMSO) were added to 
400 uJ of the rat androgen receptor solution to respective final concentrations of 1 nM, 1 u,M and 5%, and the final 
volume was adjusted to 0.5 ml. After 1 8 hours of standing at 4°C, this was mixed with 500 uJ of a solution containing 

45 0.05% of Dextran-T70 and 0.5% of Dulco G-60, and the mixture was allowed to stand at 4°C for 1 5 minutes and then 
centrifuged to recover the supernatant. A 600 jxl portion of the thus recovered supernatant was mixed with 5 ml of 
Bioflow and then the radioactivity was measured to calculate the total amount of 3 H-mibolerone bonded to the rat 
androgen receptor. The amount of non-specific binding was calculated in the same manner by adding a DMSO solution 
containing unlabeled mibolerone instead of the aforementioned DMSO, in such an amount that the final concentration 

so of unlabeled mibolerone became 40 u.M. The difference between the total binding amount and the non-specific binding 
amount was defined as the specific binding amount. 

(3) Activity of the compound of the invention to inhibit specific binding of 3 H-mibolerone 

55 [01 71 ] Specific binding amount of 3 H-mibolerone bound to the rat androgen receptor in the presence of the compound 
of the invention was calculated by adding a DMSO solution containing varied concentration of the compound of the 
invention, simultaneously with 3 H-mibolerone, and carrying out the similar reaction as (2). Based on this value and the 
value calculated in (2), IC 50 of the inhibition activity of the compound of the invention on the specific binding of 3 H- 
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10 



15 



20 



25 



30 



miboierone was calculated. Also, dissociation constant Ki was calculated from the IC^ value by the formula of Cheng 
and Prusoff*. 

[0172] Test results of the compound of the invention are shown in the following table. 

Table 11 



Compound 




Binding activity for rat androgen receptor (Ki = nM) 


Example 


6-1 


7.56 




6-13 


3.58 




13-1 


1.91 




18-4 


5.01 




18-7 


6.66 




18-8 


15.6 




21 


1.81 



[0173] Based on the above test results, it was confirmed that the compound of the invention specifically binds to the 
androgen receptor and thereby inhibits binding of androgen and androgen receptor. 

Prostate gland reducing action in mature male rat 

[01741 The compound of the invention was suspended in 0.5% methyl cellulose solution and orally administered to 
male Wistar rat of 1 0 weeks of age, once a day continuously for 1 5 days. After 6 hours of the final administration, wet 
weight of the ventral prostate gland was measured to evaluate prostate gland reducing action of the compound of the 
invention. 

[0175] The prostate gland reducing action of the compound of the invention was calculated based on the following 
formula, using a test group in which the compound of the invention was administered, a control group in which methyl 
cellulose alone was administered and a castration group in which the animal was castrated just before the administration 
and then methyl cellulose alone was administered. 

Reducing ratio (%) = 1 00 (B - A)/(B - C) 



35 



40 



45 



A: Wet weight of ventral prostate gland in test group 
B: Wet weight of ventral prostate gland in control group 
C: Wet weight of ventral prostate gland in castration group 

[0176] The ED 50 value was calculated from the thus obtained reducing ratio by linear regression analysis. 
[0177] Based on the above test results, the compounds shown in Table 11 showed a ED 50 value in the range of 0.3 
to 11 mg/kg, which was approximately from 2 to 60 times higher activity than that of bicalutamide which has the most 
strongest action among currently used anti-androgen agents. 

[0178] Thus, the compound of the invention has strong androgen receptor inhibition action and markedly excellent 
prostate gland reducing action in mature male rats and is useful as a therapeutic agent for prostatic cancer, benign 
prostatic hyperplasia, virilism, hirsutism, baldness, acne, seborrhea and the like diseases which are progressed by 
androgen. 



50 



Claims 

1. A cyanophenyl derivative represented by the following general formula (I) or a salt thereof 



55 



Cheng Y.C. and Prusoff W.H., Relationship between the inhibition constant (Ki) and the concentration of fnhibitor which causes 50% inhibition of an 
enzymatic reaction., Blochem. Pharmacol, 22, 3099 (1973) 
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(wherein each symbol has the following meaning, 
R: cyano or nitro group, 

15 R1; a hydrogen atom, a halogen atom or a cyano, halogeno-C r C 6 alkyl, nitro, carboxyl, C V C G alkyl, R 6 -A-, 

R 7 -S(0) p -, C r C 6 alkyl-C(=0)- or C r C 6 alkyl-0-C(=0)- group, 

R 2 , R 3 and R 4 : these may be the same or different from one another and each means a hydrogen atom, a C.,- 
C 6 alkyl group, a carbamoyl group which may be substituted by 1 or 2 C^Cg alkyl groups or a C r C 6 alkyl-C 
(=0)- or Cj-Cg alkyl-0-C(=0) - group, wherein R 2 and R 3 bind to optional carbon atoms on the ring, 
20 rs ; a C r C 6 alkyl; aryl-C r C 6 alkyl-O-; carboxyl; C r C 6 alkyl-0-C(=0)-; amido which may be substituted by 1 

or 2 C V C 6 alkyl group; an aryl, heterocyclic or cycloalkyl group which may have a substituent group; or N(R 13 ) 
R 14 -C r C 6 alkyl-O-; with the proviso that when m = 1 , R 4 and R 5 may together form a five- or six-membered 
heterocycle which may have other hetero atom, 

R 6 : a halogeno-C r C 6 alkyl; aryl; or C r C 6 alkyl which may be substituted by N(R 9 )R 10 , OH or C r C r alkyl-0-, 
25 R7 : a c r C 6 alkyl, aryl or N(R 11 )R 12 -, 

R 8 , R9 Rio, R« ( R1 2 , R13 and R 14 : hydrogen, C r C 6 alky! or aryl, 

with the proviso that R 6 and R 8 , R 9 and R 10 or R 13 and R 14 may together form a nitrogen-containing cycloalkyl 
which may have other hetero atom and may have a substituent group, 
korn: 1,2 or 3, 
30 m: 0 or 1 , 

p: 0, 1 or 2, 

A: an oxygen atom or NR 8 , 

X = -C(=0)-, -C(=S)- or -S(0) 2 - group, 

Y: a bond, C r C 6 alkylene, -C(=0)- or -S(0) 2 - group, 

35 with the proviso that, when R 5 is a Cj-Cg -alkyl group, Y is a group other than Cj-Cg alkylene, and 

Z 1 or Z 2 : these may be the same or different from each other and each means CH or a nitrogen atom, 
with the proviso that 1) when R 1 is hydrogen atom, at least one of R 2 and R 3 is a C^Cg alkyl, 2) when R is a 
nitro group, X is -C(=0)- or -S(0) 2 -, and n is 1 , k is 2 and m is 0, at least one of R 2 and R 3 is a group other 
than a hydrogen atom, and 3) when R is a cyano group, Z 1 is a nitrogen atom, and X is -C(=0)- and n is 1 , k 

40 is 2, m is 0, and R 5 is a methyl group, R 1 is a group other than a fluorine atom). 

2. The cyanophenyl derivative or a salt thereof according to claim 1 , wherein R is a cyano group. 

3. The cyanophenyl derivative or a salt thereof according to claim 2, wherein R 1 is a halogen atom, cyano, halogeno- 
45 C r C 6 alkyl, nitro or C,-C 6 alkyl-O-; R 2 and R 3 : at least one of them is a C r C 6 alkyl group; R 4 : a hydrogen atom 

or a C r C 6 alkyl group; R 5 : an aryl, heterocyclic or cycloalkyl group which may have a substituent group; k is 2, n 
is 1 ; m is 1 , X is -C(=0)-group; Y is a bond; and Z 1 or Z 2 both means CH. 

4. The cyanophenyl derivative according to claim 3, wherein the substituent group of the aryl, heterocyclic or cycloalkyl 
50 group of R 5 which may have a substituent group is a radical selected from the group consisting of a halogen atom, 

halogeno-C r C 6 alkyl, C r C 6 . alkyl, C r C 6 alkyl-O-, C r C 6 alkyl-S-, C r C 6 alkyl-S(O)-, C r C 6 alkyl-S(0) 2 -, sulfamoyl 
which may be substituted by 1 or 2 C^Cg alkyl groups, halogeno- C^Cg alkyl-O-, cyano, nitro, oxo (=0), C^Cg 
alkyl-C(=0) -, aryl-C (=0) -, amino which may be substituted by 1 or 2 of C 1 -C 6 alkyl or C r C 6 alkyl-C (=0) - or 
C r C 6 alkyl-0-C(=0)-, aryl-O-, amino-O-, carbamoyl which may be substituted by C r C 6 alkyl, carboxyl, C,-C 6 
55 alkyl-0-C(=0)- ( heterocycle and OH group(s). 

5. A compound, or a salt thereof, selected from (2R, 5S) -4-(4-cyano-3-trifluoromethylphenyl)-N-(6-methoxy-3-pyri- 
dyl)-2,5-dimethylpiperazine-1-carboxamide; (2R,5S)-N-(2-amino- pyrimidin-4-yl)-4-(4-cyano-3-trifluoromethyl- 
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phenyl)-2,5-dimethylpiperazine-1 -carboxamide; (2R, 5S)-4- (4-cyano-3-trifluoromethylphenyl)-2,5-dimethyl-N- 
(6-trifluoromethyl-3-pyridyl)pipera2ine-1-carboxamide; (2R,5S)-4-(4-cyano-3-trifluoromethylphenyl)-N-(2-fluoro- 
4-pyridyl)-2,5-dimethylpiperazine-1 -carboxamide; and (2R.5S) -N- (2-bromo-4-pyridyl) -4- (4-cyano-3-trifluor- 
omethylphenyl)-2,5-dimethylpiperazine-1 -carboxamide. 

5 

6. A pharmaceutical composition which comprises the cyanophenyl derivative of claim 1 or a salt thereof as the active 
ingredient. 

7. The pharmaceutical composition according to claim 6, which is an anti-androgen. 

w 

8. A compound represented by the following general formula (II) or a salt thereof 



15 



20 




(wherein each symbol has the following meaning, 

25 

R: cyano or nitro group, 

R 1 : a hydrogen atom, a halogen atom or a cyano, halogeno-Cj-Ce-alkyl, nitro, carboxyl, C V C 6 alkyl, R 6 -A-, 
R 7 -S (0) p - ( C r C 6 - alkyl-C (=0) - or C r C 6 alkyi-0-C(=0)- group, 

R 2 and R 3 : these may be the same or different from one another and each means a hydrogen atom, a C r C 6 
30 alkyl group, a carbamoyl group which may be substituted by 1 or 2 C^C G alkyl groups or a C r C 6 alkyl-C(=0)- 

or C r C 6 alkyl-0-C(=0)- group, wherein R 2 and R 3 bind to optional carbon atoms on the ring, 
with the proviso that 

(1) in the case where Z., = Z 2 = CH and n = 1 and k = 2: 

35 

i) when R is CN and R 1 is a halogen atom or a cyano group, at least one of R 2 and R 3 is a group other 
than a hyrogen atom, 

ii) when R is CN and R 1 is a hydrogen atom, both of R 2 and R 3 are not hydrogen atoms or one of R 2 
and R 3 is a methyl group and the other group is a group other than a hydrogen atom, 

40 iii) when R is a nitro group and R 1 is a methyl group, a methoxy group, CF 3 , a carboxyl group, or 

S0 2 N(Me) 2 , at least one of R 2 and R 3 is a group other than a hydrogen atom, 

iv) when R is a nitro group and R 1 is a hydrogen atom, at least one of R 2 and R 3 is a group other than 
a hydrogen atom and a methyl group. 

v) when R and R 1 are nitro groups, at least one of R 2 and R 3 is a group other than a hydrogen atom, 
45 a methyl group, a carboxyl group, and COO Me. 

(2) in the case where Z 1 = Z 2 = CH and n = 1 and k = 3 or n = 2 and k = 2: 

when R is a cyano group and R 1 is a hydrogen atom, or when R is a nitro group and R 1 is a hydrogen 
atom, a chlorine atom, a cyano group, COOMe, CF 3 , or a methyl group, at least one of R 2 and R 3 is a 
so group other than a hydrogen atom. 

(3) in the case where Z 1 = N, Z 2 = CH and n = 1 and k = 2: 

when R and R 1 are nitro groups, at least one of R 2 and R 3 is a group other than a hydrogen atom. 

9. Use of a compound of claim 8 as an intermediate compound for preparing an antiandrogen. 
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